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Preface 


This is the second in a serics of books on urological malignancies that has been launched by Oxford University 
Press. In the previous year, Professor Donald G. Skinner and myself, have attempted to review comprehensively 
bladder cancer, covering in onc volume most aspects of this malignancy, from epidemiology and molecular oncol- 
ogy to innovative treatment strategies and palliative medicine. The response to this essay was the stimulus to 
proceed to a second book addressing another urological malignancy: prostate cancer. 

The objective of the preparation of this volume is to provide a single, comprehensive source of information on 
the discipline of prostate cancer and to furnish a fertile platform for further investigation towards a better under- 
standing of this disease. As the text is particularly directed towards clinicians, efforts have been made to cover 
important advances in clinical and basic science research, with emphasis on their clinical applications. 

Over the last decade, prostate cancer has increasingly become the province of many special interests, including 
the medical oncologist, urologist, radiotherapist, endocrinologist, palliative care physician, cpidemiologist, and 
biologist. In the age of increasing specialization, where journals, articles, and books addressed to specialists com- 
prise the main source of information for physicians, we feel strongly that there is still a major need for a compre- 
hensive textbook on prostate cancer. Therefore, the purpose of the volume in hand is to present a picture of 
prostate cancer in its totality and to update the subject in one tome. The present book attempts to cover exten- 
sively the area of prostate cancer based on the experience of well-established scientists. The authorship is derived 
from an international forum and consists primarily of those who have made major contributions in the area they 
have been asked to discuss. The authors have attempted to combine their clinical experience with the newest 
advances in the relevant sciences and to highlight the therapeutic aspects of cach topic. Emphasis has been given 
on the multi-disciplinary approach, providing overviews from various expert branches. It is expected that with 
this methodology specialists associated with prostate cancer will not only get a feeling for the current practice in 
their own area of interest, but they will also be able to obtain sufficient information about problems presenting in 
their patients and potentia! solutions offered by different areas of expertise. The rationale for this policy is the 
perception that physicians who are acquainted with ‘adjacent’ specialist branches, who are familiar with basic sci- 
ences, and who are able to use this knowledge in the evaluation and treatment of their patients, are in a better 
position to analyze clinical problems and accordingly help their patients. Finally, management of prostate cancer 
is surrounded with several controversies regarding the management of localized discase, the role and the pattern 
of hormonal treatment, and the chemotherapy of hormonal-resistant prostate cancer. In this volume effort has 
been made to present clearly and evenly all arguments for each approach in sequential chapters. 

A comprehensive textbook is inevitably not fully up to date at the time of publication and this applies particu- 
larly in the areas where advances have been more rapid. It is therefore a tribute to our distinguished contributors 
and to the publisher, Oxford University Press, that this edition has appeared within 2 years of its initiation, 
Gratitude should be extended to our patients, students, and colleagues for providing the contributors with 
ongoing education, stimulus, and purpose. 

Finally, L wish to dedicate this volume to Katerina, Nikolas, and Alexander for their forbearance and support 
throughout this project. 


Konstantinos N. Syrigos, MD, PhD 
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Section I 


1 | Surgical anatomy of the prostate 


Andrew P. Zbar, Fotini Alevyzaki, and Anastasios ]. 


Karayiannakis 


Introduction 


The role of radical extirpative surgery of the prostate in 
prostatic carcinoma is controversial. It is clear that in 
patients with organ-confined disease, low Gleason’s 
histological tumor grade, and low circulating prostate- 
specific antigen levels, that such a radical approach 
may be warranted. More recently, there has been a 
reassessment of prostatic surgical anatomy as it per- 
tains to cancer with the availability of whole-gland 
specimens and, further, with the introduction of nerve- 
sparing techniques and urethral sphincter preserving 
surgery in selected cases. This approach has been 
advanced over the last decade because of an improved 
understanding of the neural and peri-prostatic venous 
anatomy relevant to radical prostatectomy and pelvic 
lymphadenectomy, which has balanced oncologic clear- 
ance with functional outcome. 

This chapter briefly outlines the anatomy of the 
repion as it pertains to the management of prostatic 
cancer, as well as the anatomical factors that influence 
surgical decision-making. 


Prostatic morphology 


During the first 3 months of fetal growth, the prostate 
develops as an epithelial invagination from the prosta- 
tic urethra under the influence of the surrounding mes- 
enchyme. Hormonally induced growth is directed on 
the glandular zone of the prostate, the urogenital sinus, 
and the external genitalia (1-3). Further outgrowths of 
the dorsal portion of the mesonephric duct form the 
inner zone of the prostate gland by invasion of the mes- 
enchyme as branching rubulo-glandular structures. In 
the female, the urethra develops from the portion that, 
in the male, is proximal to the opening of the prostatic 
utricle. The adult prostate undergoes morphologic 


changes around the time of puberty, increasing to the 
adult weight of 20 g by about 25 years of age. 

There is considerable controversy concerning the 
gross anatomical interrclationships of the prostate, 
mostly pertaining to the classical description of the 
lobes (4). As no true lobar structures exist in the adult 
prostate, McNeal pointed out the presence of discrete 
zones of the gland. According to this view, the prostate 
consists of a peripheral zonc representing about 70% 
of the glandular bulk, a central zone forming 20% 
gland weight, a transitional zone of 5% of the gland, 
and a non-glandular anterior fibromuscular zone of 
stroma (5, 6). This description of morphology has been 
largely accepted, since the peripheral glandular zone 
comprises all the apical and most of the posterior sub- 
capsular area, representing the region of cancer-suscep- 
tible tissue. The central zone amalgamates at the 
confluence of the ejaculatory ducts at the level of the 
verumontanum, although strict visible separation of the 
peripheral zone from the central zone is conceptually 
artificial. It is believed to be of Wolffian ductal origin 
and less than 1% of all carcinomas of the prostate arise 
from this zone. The transitional zone is located in a 
para-urethral position in the mid-prostate and forms 
the region subject to benign prostatic hyperplasia. 
Carcinoma in this zone is uncommon (< 20% of all 
cancers), although histologically it represents isolated 
tumor formation noted histologically following trans- 
urethral prostate resection (7, 8). The boundary 
between this transitional zone and the peripheral zone 
forms the basis of the ‘surgical capsule’? morphologi- 
cally noted between benign and malignant-bearing 
tissucs. The traditional clinical differentiation of the 
gland into lateral lobes with a central sulcus does not 
correspond to the histologically separable zones, 
although it loosely represents lateral and central 
regional enlargement of the transitional zone. 

The prostate is partially invested in a fibrous capsule, 
mostly coalescing posteriorly and laterally, which is rel- 
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atively absent towards the glandular apex, providing a 
minimal barrier at this point for neoplastic infiltration. 
Although the presence of a true glandular capsule is 
debated, its invasion, particularly at the point of 
attachment of the seminal vesicles, represents a specific 
staging of cxtra-prostatic spread (9-12). Prostatic car- 
cinoma may spread via lateral extension, lymphatic 
embolization, or hematogenous dissemination. T.ocal 
extension occurs through the prostatic capsule directly 
into the bladder base and seminal vesicles. Rectal and 
urethral extension is extremely uncommon with 
Denonvillicr’s fascia representing a natural fascial 
barrier to ncoplastic invasion. As the prostatic capsule 
is weaker apically and basally, spread is more com- 
monly observed in these regions, where the prostate 
meets adjoining organs, and at the entry and exit 
points of the neurovascular bundles, ejaculatory ducts, 


and bladder neck. 


Topographical anatomy of the 
prostate 


Pelvic fascia 


The relations of the prostate are governed by an under- 
standing of the fasciac surrounding the gland. This 
fascia is dynamic, containing a considerable amount of 
elastic tissue and smooth muscle. It is continuous with 
the retroperitoneal fasciae forming broad outer, inter- 
mediate, and inner strata. The outer stratum is known 
as the endopelvic fascia and it lines the inner aspect of 
the surrounding pelvic musculature, being continuous 
superiorly with the transversalis fascia. It is fixed to the 
arcuate line of the pelvis, Cooper's ligament inferiorly, 
the sacrospinous ligaments, ischial spines, and the 
tendinous arc of the levator ani plate. The intermediate 
layer surrounds the pelvic viscera and consists of loose 
areolar tissue for visceral expansion. It anatomically 
lines the potential spaces of the pelvic viscera (retropu- 
bic, paravesical, rectogenital, and retrorectal (presacral) 
spaces), The main ncurovascular pedicles traverse these 
spaces and are consequently at risk during their dissec- 
tion. In specific areas, this stratum condenses in both 
sexes to form individually recognizable ‘ligaments’ of 
the pelvis (cardinal, uterosacral, and lateral rectal). 
Reflection of the intermediate fascial layer over the 
pelvic organs forms the visceral layer of pelvic fascia. 
The inner stratum lies adherent to the undersurface of 
the peritoneum and covers the rectum as Denonvillier’s 


fascia, forming the developmental remnant of the rec- 
togenital peritoneal pouch. Under-dissection of this 
fascia, particularly posterior and lateral to the prostate, 
may breach invasive tumor, whereas overly aggressive 
dissection at this point risks inadvertent rectal injury. 
This fascial barrier to malignancy has also been impli- 
cated in the etiology of genital prolapse in the female 
(13). 

Condensation of this fascia anteriorly forms the pub- 
oprostatic ligaments, supporting the membranous 
urethra and the vesico-prostatic sulcus represents the 
landmark of the dorsal venous complex, early control 
of which results in relatively bloodless radical prostate- 
ctomy. Damage to this fascia in the female has been 
implicated in stress urinary incontinence and associated 
urethrocoele, and forms the basis of urethral suspen- 
sion procedures (14). 


Prostatic relations 


The prostate is approximately 3 cm x 4 cm x 2 cm and 
functions as a vehicle for the prostatic urethra (15). It 
contains anterior, posterior, and lateral surfaces with 
an inferior apex, which is continuous with the striated 
urethral sphincter (with histological extension of peri- 
capsular glandular tissue into this region) and a forma- 
tive base located at the vesico-prostatic junction. Its 
capsule contains collagen, elastin, and smooth muscle, 
fusing with Denonvillier’s fascia posteriorly and the 
endopelvic fasciac anterolaterally (16). Anteriorly, the 
prostate is fixed by the puboprostatic ligaments with 
the superficial dorsal vein lying lateral to this landmark 
and draining into the dorsal-venous complex attached 
to the posterolateral portion of the gland. Laterally, the 
gland abuts against the pubococcygeal component of 
the levator ani complex. Both of these landmarks are 
important for prostatic excision, since lateral prostate 
dissection and displacement of the fascia off the surface 
of the levator ani medially is necessary to free the pos- 
terolateral prostate, whilst controlling the major 
venous plexus (17). The cavernosal nerves (as part of 
the main neurovascular bundle important in erectile 
function) lay postcrolateral to this point of dissection. 


Vascular supply 


The main arterial supply for the prostate is derived 
from the inferior vesical artery with a series of small 
urethral arteries derived from this vessel separatcly 
penetrating the prostato-vesical junction posterolater- 
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ally in a peri-urethral locale, classically at the 1-5 and 
the 7-11 o’clock positions. The largest vessels penc- 
trate the posterior portion of the gland and run para- 
urethrally supplying the transitional zone as principal 
arteries for nodules of benign prostatic hyperplasia 
(18). Distinct capsular arteries may occasionally be 
found coursing with the neurovascular bundles at the 
lateral margin at the back of the gland. 

Newer techniques designed to minimize blood loss 
during radical prostatectomy take advantage of prelim- 
inary control of the main points of venous drainage of 
the gland. The main dorsal-vein complex ramifies dis- 
tally over the gland near the urcthral sphincter and 
excessive traction on the prostate without prior venous 
control may result in torrential hemorrhage from this 
region. Moreover, blind hemostasis at this point will 
damage the striated urethral sphincter. The main dorsal 
vein of the penis passes between the pubic arch and the 
internal urethral sphincter, trifurcating in to a central 
superficial branch and two lateral plexi (19). The decp 
dorsal vein should be triply ligated at this point to free 
the anterior aspect of the glandular apex. In mobiliza- 
tion of the posterolateral portion of the prostate, the 
lateral plexi are deliberately sought as they sweep 
alongside the posterior part of the gland communicat- 
ing with components of the rectal veins and the vesical 
plexi. Here they form 3-5 distinct inferior vesical veins, 
which drain into the internal iliac (hypogastric) vein. 
These veins are located in the posterior groove of the 
prostate near the scminal vesicle, often marked by a 
separate small venous tributary to the tip of the vesicle 
requiring ligation. Great care should be exercised at 
this point since the main neurovascular bundle lies 
immediatcly subjacent to this area. In the female, this 
area has extensive and variable communication with 
the uterinc, ovarian, and rectal complexes, although 
the latter may often be rudimentary. This main venous 
system forms distinct communications via the pelvic 
plexi with emissary veins of the pelvic bones (Batson’s 
plexi), representing a well-recognized mechanism for 
hematogenous spread of prostatic tumor to the axial 
skeleton (20, 21). 


Lymphatic drainage 


Most of the prostatic lymphatic drainage is towards the 
obturator and internal iliac lymph nodes. A small 
drainage from the gland may pass to the presacral and, 
rarely, the external iliac lymph node chains with occa- 
sional skip sites detected in the pre-aortic lymph node 
group (22-24). Overall occurrence of lymph node 


involvement in prostatic carcinoma is variably reported 
berween 20 and 40%, although the incidence of nodal 
positivity appears to be falling (25, 26). A thorough 
knowledge of the lymphatic anatomy of the prostate is 
important for consideration of pelvic lymphadencec- 
tomy performed cither prior to, or in association with, 
a radical prostatectomy (either retropubic or perincal). 

The exact place of staging pelvic lymphadenectomy 
as a decision-making procedure for radical prostatec- 
tomy is unknown. Improved pre-operative imaging and 
the development of lymph node decision analysis 
monograms function as accurate predictors for lymph 
node metastases, the latter data being based on tumor 
size, Gleason’s grade and pre-opcrative PSA level (27). 
Given that a substantial number of node-positive cases 
will survive long term (28), and with the reduced mor- 
bidity of pelvic lymphadenectomy using either limited 
laparotomy with modified template nodal dissection or 
laparoscopic pelvic lymphadenectomy (29-32), the 
exact indications and contra-indications for this proce- 
dure remain unclear at the present time (33). It would 
secem reasonable to contemplate some form of pelvic 
lymphadenectomy as a preliminary to a radical prosta- 
tectomy with strong consideration in early stage T1 
and T2 tumors with low grade and low PSA Icvels in fit 
patients or in larger local tumors with negative bone 
scans. The borders of lymph node dissection in the 
open lymphadencctomy should extend from the exter- 
nal iliac vein laterally, the hypogastric artery posteri- 
orly, and the inguinal ligament distally. Dissection 
should incorporate the common iliac bifurcation prox- 
imally (34), although in those cases undertaken laparo- 
scopically, full clearance of the common iliac vascular 
confluencc is difficult (35), particularly in patients with 
large bodily habitus, or where there has been prior 
abdominal surgery (36). The minilaparotomy may be 
potentially reserved for patients undergoing a radical 
perineal approach, necessitating a second incision, or 
in selected cases where the prime modality of treatment 
is non-surgical (radical radiotherapy or cryoblation). In 
both, the minilaparotomy and the laparoscopic 
approach, there is a considerable risk of under-staging. 


Neural anatomy 


The autonomic nerve supply to the prostate incorpo- 
rates a sympathetic inflow (pre-ganglionic T 10-12/1. 
1-2), which promotes smooth muscle and capsular 
contraction, and an a-adrenergic parasympathetic 
input, which results in acinar secretion, enhancement 
of pre-prostatic sphincter tone, and reduction in capsu- 
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lar tone (37). These components merge as the hypogas- 
tric nerves to form the inferior hypogastric (pelvic) 
plexus. The plexus lies at the level of the seminal vesi- 
cles as a flattened rectangular neural mass, whose 
branches embrace the rectum behind the mesorectum 
and in front of the presacral and Waldeyer’s fascia (38, 
39). These neural branches course to the rectum, 
bladder, seminal vesicles, and prostate, traveling with 
the vessels behind the rectal ampulla. Caudally, the 
pelvic plexus innervates the prostate, coalescing as the 
cavernous nerves (or main neurovascular bundle) 
where they lic at the tip of the seminal vesicle on cither 
side behind the leaf of the endopelvic fascia and more 
anteriorly subjacent to Denonvillier’s fascia (40, 41). 
The neurovascular bundle travels against the postero- 
lateral border of the prostate as a discrete trunk lateral 
to the prostatic venous complex, which serves as a 
landmark. It is vulnerable during apical glandular dis- 
section at the 5 and 7 o’clock positions and during dis- 
section of the rectum. Tumor invasion at these points 
creates difficulty in prostate dissection since the 
endopelvic fascia and Denonvillier’s fascia are normally 
excised during the neural skeletonization (42, 43). 


Anatomical considerations in 
prostate oncology 


Radical prostatectomy is dependent upon an anatomi- 
cal definition of the endopelvic fascia as it relates to the 
prostate gland. Lateral dissection and reflection medi- 
ally of this fascia off the levator ani exposes Santorini’s 
venous plexus behind the main bulk of the gland at its 
apex. As already stated, preliminary venous isolation of 
the deep dorsal-vein complex beneath the puboprosta- 
tic ligaments and the cavernous plexus posterolaterally, 
permits mobilization of the prostate in a relatively 
bloodless field. Excessive traction on the gland, which 
is not fully mobilized in this way, will lead to serious 
hemorrhage (44). 

The main modifications of radical retropubic prosta- 
tectomy in the last few ycars have centcred on nerve- 
sparing and urethral-sparing techniques. These 
procedures should be used in selected cases where 
oncologic clearance will not be compromised. Nerve- 
sparing radical prostatectomy is considered in young 
patients to preserve erectile function where the primary 
tumor is organ-confined with lack of invasion at the 
apex and the back of the gland on trial dissection. 
During the mobilization, care should be taken to avoid 


excessive distraction of the catheter and electrocautery 
near the main neurovascular bundles (45, 46). 
Urethral-sparing techniques arc desirable for preserva- 
tion of urinary continence and the striated urethral 
sphincter musculature, although the true incidence of 
post-operative stress urinary incontinence following 
radical retropubic prostatectomy is probably under- 
reported (47, 48). This approach substantially reduces 
the incidence of delayed bladder neck contracture and 
is considered where no tumor is located in the transi- 
tional zone or at the prostate base, in the absence of a 
significant median prostatic lobe, and in patients 
without a history of prior bladder neck surgery. To 
carry out sphincter sparing, clean transection of the 
prostato-urethral junction is required in accordance 
with adequate oncological clearance, whilst at the same 
time avoiding excessive traction particularly on the 
posterior urethra (49, 50). 

As an alternative to the retropubic approach, radical 
prostatectomy for cancer may also be achieved via the 
perineal operator. This approach is uncommonly used 
and taught in the United Kingdom, although it has 
been extensively developed in the United States, where 
it has been shown to be associated with a cancer- 
related outcome, which is equivalent to that of the 
abdominal surgeon (51-54). Although this approach is 
relatively bloodless (when compared with the retropu- 
bic technique) and provides accurate urcthrovesical 
mucosal apposition, the perineal prostatectomy 
requires an ancillary approach for pelvic lymph node 
assessment and is less satisfactory at neural and 
potency preservation. 

A thorough knowledge of deep perineal anatomy is 
required and much of the dissection uses similar land- 
marks as employed by the coloproctologist in the per- 
formance of the perineal component of an 
abdomen-perineal excision. Here the dissection is 
carried out to expose the infralevator urogenital 
diaphragm with due care taken to avoid injury to the 
levator ani/external anal sphincter complex (55, 56). 
Exposure and division of the rectourethralis muscle 
(the most medial component of the levator) is the key 
to this dissection, permitting the rectum to be swept 
dorsally and preventing injury (57), outlining the pos- 
terior prostatic capsule and allowing excision of the 
prostate en bloc with its adherent Denonvillier’s fascia. 
(58, 59) As the posterior prostate is mobilized, an 
attempt is made to identify the main neurovascular 
bundle between the apex of the gland and the inner 
aspect of the levators, although this can often be quite 
difficult (60-62). 
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Conclusions 


Newer techniques of radical prostatectomy take advan- 
tage of a desire to preserve urinary continence and 
erectile function in organ-confined discase without 
compromising oncological clearance (63-65). An accu- 
rate knowledge of anatomy is required to reduce intra- 
operative blood loss with the likelihood of neural 
preservation, whilst maintaining a widc lateral dissec- 
tion with en bloc excision of both the endopelvic and 
Denonvillier’s fasciae. The role and technique of atten- 
dant pelvic lymphadenectomy is evolving, given current 
decision analyses for the expected incidence of involved 
nodes based on pathological variables of the primary 
tumor and scrum PSA estimations. 
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2 | Physiology of the prostate 


Wells E. Farnsworth 


Introduction 


The prostate gland is probably one of the least under- 
stood and appreciated organs of the body. Its presence 
is often considered of little benefit to the young and a 
downright danger to the elderly. It is the source of 
morc clinical problems than is the vermiform appendix 
with which its presumed uselessness is often equated. 
Little wonder that many investigators ask what God 
had in mind in creating this organ. 

Onc of the discouraging realitics confronting the 
prostatologist is that, despite all that has been learned 
in the past 40 years about both benign prostatic hyper- 
plasia (BPH) and prostatic cancer (PCA), when either 
of these diseases is detected, the therapeutic battle has 
already been lost. As Waxman (1) says of PCA, 
‘primary hormone therapy does not prolong life, its 
action only postponing or palliating the symptoms’. 
Bonfiglio and Terry (2) well recognized that ‘conceptu- 
ally, cancer is considered a disease of the cell in which 
the normal mechanisms of control of growth and pro- 
liferation are disturbed. This results in distinctive mor- 
phologic alterations of the cell and aberrations of tissue 
patterns. These cytologic and histologic alterations are 
the basis of the diagnosis of cancer’. Metastatic poten- 
tial and predisposition to home to specific organs from 
cells within a single prostatic tumor, shows the spec- 
trum of growth forces at work that confounds the com- 
plete efficacy of any and all cytostatic strategies 
presently directed toward the arrest of PCA. BPH is 
less ominous but more ubiquitous, and at least as 
poorly understood. 

This chapter intends to establish the bases—anatomi- 
cal and physiological—of normal prostatic function, 
from which succeeding scctions of this volume will 
show the pathological departures of structure and func- 
tion, which comprise prostatic cancer. While it is recog- 
nized that this background information can answer few 
of the questions posed, it is hoped that, through 


showing what and where the prostate is, and reviewing 
the forces at work for actuating its functions, the reader 
can appreciate the dynamics of prostatic physiology. 


Structure 


Gross structure 


The four major subdivisions of the adult prostate (Fig. 
2.1) can best be located in relationship to the prostatic 
urethra, about which they grow. The prostatic portion 
of the urethra extends from the bladder neck distally to 
join, at the urogenital diaphragm, with the membra- 
nous urethra. It can be further subdivided at its mid- 
point into the proximal, or preprostatic segment, which 
courses backwards to the bladder neck at an angle of 
30°, and a distal, or prostatic segment, whose course of 
direction is nearly vertical. The line of division 
between segments is the upper end of the verumon- 
tanum (V), where the ejaculatory ducts gain access to 
the urethra. All these features are shown in the mid- 
sagittal section (Fig. 2.2) of the prostate of a 22-year- 
old man. The tissue is stained with the Giemsa solution 
to show its connective tissuc (Fig. 2.1) (3). 


Functional anatomy 


Figure 2.3 shows schematically the previously unrecog- 
nized heterogeneity of the compartments of the prosta- 
tic duct system of both the overlying epithelium and 
the stroma upon which it lies. The presence of the 
unlike cells within the separate regions offers a credi- 
ble rationale for a single level of circulating steroid hor- 
mones supporting the very different biological activities 
within these regions. The peculiar competencies of the 
regions are due, not only to the structural varicty and 
abundance of the stroma! cell population, but also to 
the growth factors (the ‘forces at work’), which they 
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Fig. 2.1 Sagittal diagram of distal prostatic urethral segment 
(UD), proximal! urethral segment (UP), and ejaculatory ducts 
(E), showing their relationships to a sagittal section of the 
anteromedial, non-glandular tissues: bladder neck (bn); ante- 
rior fibromuscular stroma (fm); preprostatic sphincter (s); 
distal striated sphincter (s). These structures are shown in 
relation to a three-dimensional representation of the glandu- 
lar prostate: central zone (CZ), peripheral zone (PZ), transi- 
tion zone (TZ). From: McNeal JE, chapter 42, Prostate. In: 
Histology for pathologists (2nd cdn) (ed. Steenberg S$). 
Lippincort-Raven Publishers, Philadelphia, 1997, 997-1017, 
with permission. 
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Fig. 2.2 Mid-sayittal section of true prostate from 22-year-old 
man (van Giesenstain). Internal sphincter (I), preprostatic 
sphincter (P), central zonc/peripheral zone (CZ/PZ), verumon- 
tanum and utriculus masculinus (V). From: Blacklock NJ, 
chapter 16, Surgical anatomy of the prostate. In: Scientific 
foundations of urology (1st edn) (Williams DE, Chisholm 
CD). Butterworth Heinemann, a division of Reed Educational 
and Professional Publishing, 1976, 113-125, with permission. 


Fig. 2.3 Proposed effects of stromal heterogencity within the 
prostatic ductal system. In the distal region, abundant fibrob- 
lastic cells may elaborate positive factors, including epithelial 
proliferation. Increased smooth muscle in the intermediate 
region may block positive factors or produce factors 
inhibitory for epithelium, allowing epithelial differentiation. 
High levels of possible negative factors from the abundant 
smooth muscle in the proximal region may induce epithelial 
cell death. From: Nemeth JA, Lee C. Prostatic ductal system 
in rats: regional variation in stromal organization. Prostate 
1996, 28, 124-8; Wiley-Liss, Inc., New York, with 
permission. 


Physiology of the prostate 11 


elaborate and impose upon themselves and on the 
epithelial cells by apocrine and paracrine secretion, 
respectively (4). It is uncertain whether the epithelial 
cells of the three regions are actually different or are 
one cell type, which is adapted in structure and func- 
tion to the diversity of the stromal environment. 
Bonkhoff and Remberger (5) suggested that: 


(1) ‘the abnormal growth of the secretory epithelium 
in BPH may be related to an increase in total 
number of androgen-responsive basal cells in the 
proliferative compartment’; and 


(2) ‘prostatic cancer derives from the transformed 
stem cells located in the basal layer that acquire 
secretory luminal characteristics under androgen 
stimulus’. 


In addition, Aumuller et al. (6) show that human pro- 
static ncurocndocrine cells represent a cell lineage of 
their own, being of neurogenic origin and, thercfore, 
distinct from the urogenital sinus-derived secretory and 
basal cells. These cells seem to be devoid of androgen 
receptors from the outset. 


Growth factors 


In the normal prostate, these peptide cytokines directly, 
and the sex steroids, androgen and estrogen, indirectly, 
regulate the gland’s growth and homeostasis. Since each 
may have more than one effect, it is necessary to first 
introduce them and their sites of origin and action (7, 8). 

Basic fibroblast growth factor (bFGF) is an autocrine 
secretion of the normal prostate. It stimulates prolifera- 
tion of stromal fibroblasts. The stroma also secretes 
transforming growth factor-B1 (TGF-B1) to inhibit 
stromal proliferation. This antagonizes the mitogenic 
action of bFGF but extends the half-life of the latter. A 
third product of the stroma is insulin-like growth 
factor-| (IGF-1) that promotes the transformation of 
prostate epithelial cells from the G1 phase to the S 
phase of its cell cycle. The mechanism is paracrine 
secretion of the IGF-1 from the stroma to IGF-1 recep- 
tors concentrated in the epithelium. 

The epithelial cells elaborate other cytokines. From 
studies of the androgen-dependent cell lines, LNCaP 
and ALVA, these appear to secrete epidermal growth 
factor (EGF) and the closely related transforming 


growth factor-a (TGF-a). LNCaP cells contain EGF 
receptors. Epithelial growth is increased by both EGF 
and, separately, by androgen. Not incidentally, both 
EGF and androgen additively down-regulate secretion 
of prostatic acid phosphatase (PAP). In contrast, EGF 
decreases, but androgen increases, epithelial cell secre- 
tion of prostate-specific antigen (PSA). 


Hormone action 


In this paragraph, only a précis on this topic will be 
presented, adequate to provide the vocabulary and 
principal concepts to be encountered, since the subject 
will be covered in the chapters that follow. Hormones 
and growth factors are the primary signals of cellular 
communication. Chemically, the hormones include 
hydrophilic amino acid derivatives, ranging from the 
complex polypeptide proteins, c.g. luteinizing hormone 
(LH), through smaller peptides, c.g. thyrotropin-releas- 
ing hormone (TRH), to amino acid derivatives, c.g. cat- 
echolamines. In addition, there are the hydrophobic 
steroid derivatives of cholesterol, including those with 
an intact steroid nucleus (adrenal and sex steroids) and 
those in which the B ring of cholesterol has been 
cleaved (Vitamin D and its derivatives). The response 
of a tissue to a hormone is determined by the presence 
of a receptor for the hormone and of a post-receptor 
machinery to which the receptor is coupled. Each 
receptor is able to recognize a hormone as an entity 
distinct from all other substances and, by binding to it, 
it is able to effect modification of cellular metabolism 
and/or growth (7, 8). 


Hydrophilic hormones 


The receptors for the hydrophilic hormones are on the 
plasma membrane of target cells. Their signaling 
pathway within the cell typically consists of sequential 
phosphorylations and dephosphorylations, using 
protein kinase and phosphatase cascades. These are ini- 
tiated by the hormone’s binding to, and activating of, 
the receptors on the cell surface, hence enhancing the 
rate of generation of second messengers such as c- 
AMP, diacylglycerol (DAG), and calcium ions, which 
initiate the cffect. The effect of these is to activate the 
cascades and, thereby, mobilize key target proteins, 
such as transcription factors, that control gene expres- 
sion or repression. 
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Hydrophobic hormones 


In contrast, the pathways of the hydrophobic hor- 
mones are various. The classic genomic action of 
steroid hormones is through intracellular receptors: 
After moving passively across the plasma membrane, 
the steroids bind to specific receptors within the cyto- 
plasm or the nucleus. The resultant hormone-receptor 
complexes attach to specific target sites within the 
chromatin. 


Non-classical hydrophobic hormone action 


While the classic genomic concept of steroid action is 
the accepted dogma, there arc other non-classical 
modes of behavior of these hormones. These non-clas- 
sical actions gencrally occur at the membrane level and 
are not associated with entry of the hormone into the 
cell. They take place far more rapidly and use signals 
that are insensitive to inhibitors of transcription or 
protein synthesis. Some investigators have suggested 
that the rapid effects of these steroids are due to a non- 
specific modification of the fluidity of the plasma mem- 
brane. Others, however, question how such an action 
can explain the rapidity and specificity of the process. 
Still, as will be discussed below, the rapid effects could 
be due to a direct interaction of the steroid with a 
steroid receptor in the plasma membrane. In addition, 
in vitro studies have shown the activation of a second 
messenger system directly, in the absence of the steroid 
hormone. This can lead to steroid hormone receptor- 
mediated cellular responses, 


Hormones in and on the prostate 


Blood-borne sex steroids 


There are two peaks of prostatic growth (9), the first 
occurring at puberty, when there is a rise in androgen 
level. The second peak begins at around age 50, when 
there is an increase in the ratio of estrogen to androgen 
(10). This second peak is accompanied by the develop- 
ment of BPH (11). A large clinical study (12) also 
showed a strong trend toward development of BPH 
associated with increased serum estradiol (E,) level. In 
addition, the study revealed that this risk was confined 
to men with relatively low androgen levels. Thus, the 
ascent of the estrogen/androgen ratio reflects as much, if 
not more, the elevation of the serum E, as the descent of 
the serum androgen concentration. As noted above, 


BPH is a stromal disease characterized by nodules 
arising in the peri-urethral transition zone (13), which is 
the most estrogen-responsive part of the prostate. This 
proliferation of prostatic stroma, while obviously asso- 
ciated with higher plasma F, and urinary estrogen secre- 
tion, is not correlated with testosterone levels (14). 


Androgens 


In the blood of normal men, only about 2% of the 
testosterone is frec (unbound); 60% is bound to the 
homodimeric B globulin, sex hormone-binding globu- 
lin (SHBG), also known as testostcrone-binding globu- 
lin (TeBG). The remaining 38% are bound to albumin 
and other proteins, including cortisol-binding globulin 
(CBG). The formerly-held notion that the ‘active’ frac- 
tion of testosteronc is identical to the unbound fraction 
has been refuted by Pardridge’s finding (15) that disso- 
ciation of protein-bound hormone can occur in the 
capillary bed. Therefore, the active fraction delivered to 
the cells is larger than the free fraction obtained by 
equilibrium dialysis in vitro. The amount of hormone 
available to enter cells depends on the combination of 
capillary transit time (see Blood flow, below), the half- 
time of dissociation, the amount of hormone bound to 
the various carrier proteins, and the permeability of the 
cell membrane. Of course, the amount of hormone sup- 
plied also depends directly on the capillary density, i.e. 
the number of capillaries in a unit volume of tissue (16). 


Estrogens 


Of the circulating estrogen in young men, 75~90% 
arises from peripheral aromatization, mainly in adipose 
tissue, of both testosterone to E, and androstenedione 
(DIONE) to estrone (E;). The testes synthesize the 
remaining 10-25%. As men grow older, the andro- 
gen/estrogen ratio falls, due to the rise in estrogen pro- 
duction and fall in the elaboration of androgen (9). 
Processes within the prostate also form estrogen. One 
of these is the aromatase activity present within the 
stroma. Second, abundant estrone sulfate is taken up 
from the plasma and hydrolyzed to free F, by a stromal 
sulfatase. The stromal enzyme, 178-hydroxysteroid 
dehydrogenase, readily reduces the estrone to the more 
potent E, within the stroma. In a study by Stege and 
Carlstrom (17), BPH patients had clevated levels of 
testosterone and non-SHBG-bound testosterone in the 
presence of normal SHBG and gonadotropin levels. 
They had clevated levels of DHEA and DHEA sulfate 
in the presence of normal cortisol levels, presenting as a 
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‘younger’ pattern of adrenal response to ACTH as 
judged by the increments in DHEA and 17a-hydrox- 
progesterone. Finally, they had elevated ratios of EF, 
and DIONE, which suggests that there was an 
increased peripheral aromatization and subnormal pro- 
lactin (Prl) levels. 


Prolactin 


As detailed in the reviews of Farnsworth (18) and 
Costello and Franklin (19), the non-gonadotrophic 
hormone prolactin (Prl) greatly enhances the sensitivity 
of prostatic tissue to androgen. Also, it has effects that 
are independent of androgens. The Costello group 
demonstrated that Prl stimulates citric acid production 
by specific prostatic secretory epithelial cells. This effect 
is achieved by stimulation of mitochondrial aspartate 
amino-transferase (mAAT). The net rate of citrate syn- 
thesis may be increased, as well, by zinc inhibition of 
mitochondrial aconitase and, consequently, of citrate 
oxidation. Recently, it has become known that Prl is 
produced in many sites besides the pituitary, including 
the prostate (20, 21). In the prostate, the hormone is 
produced in highest density within the secretory cpithe- 
lial cells, as it is shown by the Pr! mRNA and it acts as 
a direct growth and differentiation factor. Prl receptors 
can be demonstrated mainly in the apical parts of the 
secretory epithelium and, to a limited extent, in the 
stroma. Since the epithelial cells are joined by tight 
junctions, making them inaccessible to circulating Prl, 
entry to them must be by a secreted ligand, i.c. an 
autocrine or paracrine substance available to the api- 
cally-located Prl receptor. Probably, the Prl-synthesizing 
cells are of the neuroendocrine- paracrine type. 
Hypophyseal secretion of Prl is stimulated by the hypo- 
thalamic tripeptide TRH and is inhibited by dopamine 
(22). Prostatic Prl levels are androgen- and Prl-depen- 
dent. It is hypothesized that TRH, which is also elabo- 
rated by the prostate, may serve as a mediator of Prl in 
controlling prostatic growth and function. There are 
several hypothesis as to how Prl functions. Based upon 
a wide variety of experimental work, it is now believed 
that the most plausible and readily demonstrable mech- 
anism is the facilitation of irreversible metabolism of 
testosterone to dihydrotestosterone (DHT) and 
androsteyediol. However, the mode of action does not 
appear to he the activation of the enzyme, 5a-reductasc. 
It is more likely that Prl enhances the rate of substrate 
testosterone entry into the cell, i.e. the increase in the 
permeability of the prostate plasma membrane to the 
steroid. It now appears that both androgen and Prl 


modify biosynthesis of low viscosity prostaglandins 
within the plasma membrane, perhaps through the 
mediation of lipoprotein lipase (LPL) (23). 


Blood flow 


Over a decade ago English et al. (24) reported loss of 
prostatic endothelial cells, associated with castration- 
induced regression of the rat prostate. Now, Shabsigh 
et al. (25) and Lekas (26) have rediscovered and further 
investigated this phenomenon. They have found that 
the rapid and significant reduction in blood flow to the 
mature rat ventral prostate, but not to the urinary 
bladder, precedes the appearance of apoptosis in the 
prostate epithclial cells. Its time of appearance coin- 
cides with the time of apoptotic changes in the prosta- 
tic vascular endothelial and stromal cells, indicating 
that androgen supports survival of the vascular and 
stromal cells, as well as those of the epithelial compart- 
ment. Not surprisingly, androgen receptors, but not 
their blood vessels, are observed in both compartments 
of the ventral and dorsal prostate. The Shabsigh group, 
on noting that the prostate endothelial cells are not 
known to express androgen receptor, suggest that there 
may be some paracrine action whereby ‘the expression 
of the prostate endothelial cell survival protein (growth 
factor) is being produced by the androgen receptor- 
positive prostate epithelial and stromal cells in response 
to androgen stimulation’. Lekas et al., similarly, 
suggest that the decrease in blood flow could be the 
result of a general effect of decreased metabolism or be 
caused by stimulation or inhibition of a specific 
vasorcgulatory factor, e.g. the potent vasoconstrictor, 
endothelin-1, or the vasodilator nitric oxide, both of 
which are produced in the prostate and are possibly 
regulated by androgen. Farnsworth (27) has shown 
that androgen ablation inhibits the ability of androgen- 
responsive prostate cancer cells to produce the specific 
endothclial mitogen, vascular endothelial growth factor 
(VEGF), a potent angiogenic agent. The menstrual ebb 
and flow of estrogen levels in the female, and the 
significant fall in this hormone’s blood concentration at 
menopause through its direct effect on the uterine vas- 
cular cells, is familiar to everyone. The majority of the 
vasoprotcctive effects of estrogens appear to be directly 
on vascular cells—even in men. The estrogen receptor 
(ER) mediates many of the known cardiovascular 
effects of estrogen, and is expressed in the vascular cells 
of both males and females (28, 29). Unfortunately, no 
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special attention has been given to regulation of prosta- 
tic blood flow. 


Secretory products of the prostate 


Williams-Ashman (30), like Mann (31) before him, 
noted that ‘the secretions of the accessory glands and 
semen are a veritable cornucopia of chemical oddities’. 
Probably the most extraordinary of these is the great 
quantity of citric acid produced, which contributes to 
the ejaculated semen. But, prostatic intermediary 
metabolism, its androgen sensitivity, and especially this 
bounteous level of citricogenesis, have been grievously 
overlooked for many years (32). The obvious anomaly 
would be a defect in the operation of the Krebs cycle: 
an inability to oxidize the citric acid. However, the 
enzyme aconitase, which converts citric acid to isocitric 
acid, was found to be abundant in the human prostate 
(33). It has also been demonstrated that the full tricar- 
boxylic acid cycle functions in the rat ventral prostate 
(34, 35). In addition, Barron and Huggins (36) showed 
that human prostate tissue does respire, although at the 
modest rate of tumor tissue. The predominant pathway 
of energy production is glycolytic, not anaerobic, but 
hypoxic. The limited ability of the prostate to oxidize 
citrate posed another question: If citrate is not metabo- 
lized, where does the cell obtain the 4-carbon dicar- 
boxylic keto acid, oxaloacetate, which must be 
condensed with acetyl CoA, obtained from glycolysis, 
to make citrate? It has been shown the presence of 
abundant transaminase activity (37). These amino- 
transferase enzymes can handily convert amino acids, 
principally aspartic acid, in this case, to the needed 
oxaloacetate. Costello and Franklin (38) have devel- 
oped an elaborate hypothesis (Fig. 2.4), whereby, upon 
androgen stimulation, the transaminase is evolved in 
prostatic mitochondria. Farnsworth (39, 40) has 
shown an amino acid transport function, which is stim- 
ulated by androgen in vitro to deliver the needed amino 
acid to the mitochondrial enzyme, while Costello and 
Franklin (38) have confirmed Farnsworth ‘s hypothesis 
that citrate secretion from the prostate is driven by a 
Na'-citrate transporter, coupled to (Na* + K*)-ATPase 
activity (Fig. 2.5). More recently, Swinnen and 
Verhoeven (41) have confirmed the findings of Nyden 
and Williams-Ashman (42) and Farmsworth and Brown 
(35) that androgen also drive lipid biosynthesis and the 
elaboration of the enzyme, fatty acid synthase, employ- 
ing citrate as substrate. The amount of citrate deployed 
into fatty acids, for incorporation into plasma mem- 
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Fig. 2.4 Proposed distribution and transport of citrate and 
aspartate in prostate secretory epithelial cells. A high affinity, 
Na’*-coupled aspartate transporter at the basilar membrane is 
responsible for the import of aspartate against a concentration 
gradient. Intracellular aspartate is converted to citrate, the 
apical membrane contains an Na’-coupled citrate transporter, 
which is necessary for the secretion of citrate against a large 
concentration gradient. This Na*-coupled citrate transporter 
results in Cit, rather than Cl, being the major anion in pro- 
static fluid. Although not represented in the illustration, the 
luminal Na' concentration will likely vary in proportion to the 
Cit concentration. From: Costello LC, Franklin RB. 
Concepts of citrate production and secretion by prostate. 1. 
Metabolic relationships. Prostate 1991, 18, 25-46; Wiley-Liss, 
Inc., New York, with permission. 
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Fig. 2.5 Proposed model for regulation of prostatic metabo- 
lism and secretion by androgen. Increased Na‘ efflux facili- 
tates uptake of glycolyzable substrates. Concurrent loss of 
citrate reduces product inhibition of citric acid synthesis, per- 
mitting a morc rapid flow of carbon through the glycolytic 
pathway to form more citrate. Rate of glycolysis is accelerated 
by provision of more ADP from ATP, thus hastening activities 
of phosphoglycerate kinase and probably pyruvate kinase. 
The extra ADP permits an accelerated rate of oxidative phos- 
phorylation to provide, along with glycolysis, the additional 
ATP needed to meet the requirements of the microtubules and 
adenylate cyclase From: Farnsworth WE. Prostate plasma 
membrane receptor: a hypothesis. Prostate 1991, 19, 
329-352: Wiley-Liss, Inc., New York, with permission. 
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branes, is better appreciated when it is remembered 
that synthesis of 1 mo! of palmitate requires 8 mol of 
citrate. 

While not investigated in prostate tissue, it is impor- 
tant to note that hypoxic conditions enhance glucose 
uptake by cells and tissues (43), a response than can be 
mimicked by exposure of cells to pharmacologic 
inhibitors of oxidative phosphorylation. Glucose trans- 
port is acutely stimulated through enhanced Glut-l and 
Glut-4 glucose transporter function. Morcover, 
hypoxia, per se, acts through hypoxia-inducible factor 
1 (HIF-1)-enhanced Glut-l transcription. In cancer cells 
more details of this process will be found below. 

As noted above, a number of other materials are 
characteristic, by nature or abundance, of the prostate 
(44) .Of the proteins, PAP, PSA, and the plasminogen 
activators (Pas) are most familiar. Both PAP and PSA 
can leak into the serum. Elevation of the concentration 
of these in the blood, including the free fraction of 
PSA (45), has long been a diagnostic index of likely 
PCa metastasis. In their review of plasminogen activa- 
tors, Kirchcimer and Binder (46) make clear that it is 
the tissue-type PA (t-PA) that is responsible for practi- 
cally all vascular fibrinolysis, through activation of the 
conversion of plasminogen to plasmin. 

Zinc is present in high concentration in seminal 
plasma. Zinc ions inhibit Sa-reductase, the enzyme that 
reduces testosterone to DHT. Costello and Franklin 
(19) find that zinc ions inhibit both mitochondrial 
aconitase and consequently citrate oxidation. Although 
in some species a part of the prostatic Zn is associated 
with the enzyme, carbonic anhydrase, this is not true in 
human prostate. 

Seminal emission is a sequential process. The first 
fraction is richest in spermatozoa, indicating that epi- 
didymal efflux precedes products of the reproductive 
accessory glands. Fructose, pepsinogens, some pro- 
teases, and enzymes are found in the last fraction, and 
the plasminogen activators and the citric acid occupy 
the intermediate portion. 


Hypoxia and metabolic control 


Evidently, the relative hypoxia of the prostate is not 
due to defective blood flow, nor to inadequate vascu- 
larization of the gland. Rather, it seems to reflect a 
limited demand for oxygen, notably due to the marked 
diversion of citric acid from the tricarboxylic cycle, as 
discussed above, and to competing mechanisms, which 


establish this ischemia. Thus, the low QO, appears to 
be the normal homeostatic setting for the normal 
prostate. Reichlin (47) notes that, in engineering for- 
mulations of feedback, three controlled variables can 
be identified: a sensing element that detects the concen- 
tration of the controlled variable; a reference input that 
defines the proper control levels; and an crror signal 
that determines the output of the system. The reference 
input is the set point of the system. 

As will be discussed below, several quite separate 
factors participate in sustaining this intrinsic set point 
of prostatic oxygenation. These include the extent of 
proliferation, the extent of vascularization, and the rate 
of blood flow. Hormone levels, growth factors, and the 
nervous system affect all of these, in turn. As men- 
tioncd above, one can say that prostatic-relative 
hypoxia reflects an extraordinarily modest demand for 
oxygen; not a deficiency of supply .The organism has a 
normal cardiac output and blood pressure. What is 
limiting is the size (density) of the prostatic capillary 
bed plus a vascular tone prohibiting a blood flow rate 
comparable to that in organs like the heart, liver, 
kidney, etc.. Just as in tumor cells, hypoxia promotes a 
compensatory glycolytic rate, enhances the lactate con- 
centration, and causes macrophages to release several 
growth factors, bFGF, tumor necrosis factor a (TNF- 
a), vascular endothelial growth factor (VEGF), also 
known as vascular permeability factor (VPF), and 
hypoxia-inducible factor-! (heme oxygenase-l), In addi- 
tion, another endogenous angiogenesis inhibitor, 
angiostatin, has been identified (48). This internal frag- 
ment of plasminogen, specifically blocks angiogenesis 
and the growth (proliferation) of endothelial cells (49). 
It is probable liberated from the plasminogen by pro- 
teases such as uPA, 


Vascular endothelial growth factor (VEGF) 


This is a specific endothelial cell mitogen, produced 
both in tumors and normal cultured cells in response to 
hypoxia, including the prostate (7). The VEGF genc 
appears to respond to ischemia in the same way as does 
the erythropoietin gene. Its oxygen-sensing capability is 
thought to be duc to a direct effect of the oxygen 
tension on a heme-containing protein. A 28-base-pair 
clement, within the 5’ promoter of VEGF, mediates 
hypoxia-inducible transcription, much as does the 
hypoxia-inducible factor-! binding site within the ery- 
thropoietin 3’ enhancer. 

VEGF can induce the hormone, endothelin-! (see 
below), to produce bFGF. The latter may then act upon 
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angiogenesis as a secondary autocrine or intracrine 
cytokine. The action of bFGF can be modulated by 
TGE-B through its inhibition of bFGF-induced cell 
migration and protease production. bFGF stimulates 
urokinase plasminogen activator (uPA) expression, 
which, in turn, activates latent TGF-8. The activated 
TGE-B stimulates plasminogen activator inhibitor (PAT- 
1) synthesis that inhibits uPA to shut down subsequent 
TGE-B activation and bFGF activity. Obviously, these 
several interactions create a loop to closely regulate 
both TGF-8 and bFGF effects. TGF- also functions as 
a biphasic regulator of bFGF-induced angiogenesis: at 
low concentrations, TGF-B stimulation the bFGF 
effect, whereas, at high concentration, it inhibits bFGF 
action, in vitro. 

The rate and extent of angiogenesis is also influenced 
by the extracellular matrix, whose components modu- 
late vascular endothelial cell adhesion, migration, pro- 
liferation, morphogenesis, and responsiveness to 
angiogenic cytokines (50). Thus, metalloproteinases, 
which Stearns et al. (51) have demonstrated to be 
secreted by human prostate cancer cells, facilitate for- 
mation of new microvessels by their proteolytic attack 
on the extracellular macromolecules. However, just as 
with the dynamic equilibrium of VEGF vs. PAI-l, there 
is elaboration by prostatic epithelial cells of 
Interleukin-10, which inhibits angiogenesis. 

Hypoxia affects not only ncovascularization, but 
also the level of blood supplied to the capillary bed. 
Endothelial cells produce vasodilators such as 
prostaglandin and nitric oxide (NO) and vasoconstric- 
tors, such as thromboxane and endothelin-| (ET-l). ET- 
1 is probably the most potent vasoconstrictive peptide 
known (7). It is markedly prominent in prostatic glan- 
dular epithelium but of minimum concentration in the 
stroma. ET-1 mediates a powerful contraction of 
human prostatic smooth muscle, without the mediation 
of æ, adrenergic or dihydropyridine-sensitive calcium 
channels or the synthesis of prostaglandins. The rclease 
of ET-1 from cultured endothelial cells is stimulated 
both by hypoxia and ischemia and also by a wide 
variety of other agents, including insulin, cate- 
cholamines, thrombin, arginase vasopressin, and 
ions. Atrial natriuretic peptide and 
prostaglandin inhibit its secretion. Accumulation of 
ET-I also inhibits its own secretion, substantially more 
to the abluminal than to the luminal side of endothelial 
cells. This indicates that it probably functions more as 
a paracrine than an endocrine hormone. While 
Langenstrocr (52) postulated that ET-1 has this effect 
on the prostate, the growth of epithelial cells from BPH 


various 


is not affected by ET-1 (53). From experiments with 
cultured rat smooth muscle cells, Rajegepala et al. (54) 
concluded that some of the vascular effects of 
angiotensin-II, thought to be uniquc to this hormone, 
are mediated by ET-1. Other data, derived from non- 
Prostatic activities, may help explain the functions and 
interactions of these two different hormones. For 
example, Gomez-Garre et al. (55) find that both these 
hormones evoke similar responses in mesangial cells of 
the rat kidney: mitogenesis and production of matrix 
protein, acting through Angio-II and ET-1, respectively 
(56). Similarly, Bell et al. (57) show, in blood flow 
studies of two rat tumors, a direct, although not identi- 
cal, response to both hormones. More provocative, and 
perhaps illuminating, is the study of Jahan et al. (58) of 
the direct effects of ET- and Angio-I on cell-cycle pro- 
gression in rat aorta smooth muscle cells in primary 
culture: thesc agents have no effect on the cell cycle of 
GO cells, whereas platelet-derived growth factor 
(PDGF) stimulates the entry of GO cells into the G1 
phase without further progression to the S and M 
phases. However, when these cells are brought to the 
G1 phase by PDGF treatment, they are stimulated by 
ET-I and by Angio-Il to undergo progression to the $ 
and M phascs. Thus, both hormones, though not ini- 
tiators, are promoters of cell cycle progression by 
smooth muscle cells. 


Nitric oxide 


Counterbalancing the depressor effects of ET-I is the 
dilator NO, which is also produced by endothelial 
cells. Their antagonistic actions, coupled with those of 
the autonomic nervous system, determine vascular 
tone. NO is produced in the endothelial cells from L- 
arginine by nitric oxide synthase (NOS) (59), an 
enzyme stimulated not only by ET-1, but also by IGF-1 
and VEGF. Evidently, NO mediates aspects of VEGF- 
signaling required for endothelial cell proliferation and 
Organization in vitro. There is biochemical and 
immunohistochemical evidence (60) of catalytically 
active NOS in both the transition zone (site of BPH) 
and periphcral zone (site of PCa). 


Heme oxygenase 


Yet another agent contributing to homeostasis of blood 
flow ratc, through effects on the vascular endothelium, 
is the heme oxygenase enzyme, HO-I. Whereas the 
expression of endothelial NOS gene is suppressed by 
hypoxia, the expression of heme oxygenase, the 
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enzyme catalyzing production of carbon monoxide 
(CO), is up-regulated by hypoxia (61), When mam- 
malian cells are subjected to hypoxia, transcription of 
genes encoding erythropiietin, VEGF, and, as one 
might expect, the glycolytic enzymes aldolase A, 
enolase 1, and lactic dehydrogenase (62). Heme oxyge- 
nase is responsible for the breakdown of heme to CO 
and biliverdin. CO is a vasodilator, which suppresses 
the production of ET-1 and PDGF-B by endothclial 
cells (63). In the prostate, Hedlund et al. (64) found 
that the arginine-NO pathway may have a role in the 
control of smooth muscle activity and/or in secretory 
neurotransmission. The expression of HO-I is increased 
in both BPH and malignant prostate tissue (65). Now, 
through use of in vivo clectrode measurements, Movsas 
et al. (66) show that hypoxic regions exist in human 
prostate carcinoma. In fact, Zhong et al. (67) have 
found that hypoxia-inducible factor 1 can be detected 
even in normoxic PC-3 cells. In contemplating the wide 
assortment of agents and processes so tightly regulating 
the oxygenation of prostatic tissue, it is crucial to 
remember that all these are subject to quantitative and 
probably qualitative adaptive changes accompanying 
depletion or repletion of the circulating androgen level: 
the set point (68, 69). 


Contractile activity 


It is generally accepted that, in symptomatic BPH, 
besides the increase in tissue mass described above, 
there is a dynamic contractile component related to 
smooth muscle tone (70). Elbadawi and Goodman (71) 
provide an exhaustive review of the autonomic inner- 
vation of male genital glands. Farrell (72) showed that 
ejaculation could be induced by pilocarpine in dogs 
that had been cannulated so as to permit collection of 
just prostatic fluid. Refinements of the cannulation pro- 
cedure by Huggins and Sommers (73) made possible 
quantitation of efflux and assessment of the effect of 
hornones. A similar study of the cannulated rat ventral 
prostate (74) showed that there is a steady tonically 
stimulated retrograde secretion, which is blocked by 
atropine and by antiadrencrgic drugs. In addition, there 
is an antegrade flow, which is increased by both pilo- 
carpine and catecholamines. The finding that the action 
of pilocarpine can be blocked by Dibenzyline or reser- 
pine suggested that this action is mediated by cate- 
cholamines. This action was considered to reflect a 
shift in the rate of cellular cfflux and not as variations 
in the extent of muscular contraction since there was 


not any visible evidence of the latter. Bruschini et al. 
(75), repeating these same experiments in the dog, 
showed that secretion is evoked by cholinergic stimula- 
tion, whereas urethral contractions, which effectively 
express the secretion into the lumen, are due to sympa- 
thetic stimulation. More recent work by Jacobs and 
Story (76) and by Wang et al. (77) suggest that, in the 
Tat prostate, emission of seminal fluid from the prosta- 
tic urethra occurs in response to smooth muscle con- 
traction, caused by adrenergic action on a, receptors. 
Extensive neuroanatomical and neurophysiological 
investigations (78) in the rat now make clear that the 
predominant adrenergic input to the prostate is from 
the short adrenergic neurons, while the close relation- 
ship of cholinergic nerves to glandular epithelium is 
suggestive of a secretory function. 

There are different interpretations of the likely mech- 
anism of action of cholinergic agonists. For example, 
Jacobs and Story (76) demonstrated release of the 
growth factor EGF by pilocarpine and surmised that 
EGF secretion represents a true cholinergic response 
and not a reflex a-adrenergic activity. A more recent 
study of the potentiation and inhibition of neuronal 
nicotinic receptors by atropine (79) invites rcinterpreta- 
tion of these relationships. However, it has been clearly 
shown that EGF secretion into rat prostatic fluid is 
under both a,-adrenergic and cholinergic control (76). 
Apparently, receptor agonists can cause contraction of 
the smooth muscle to expel fluid from the rat prostate. 
On the other hand, carbachol induces direct epithelial 
cell secretion through a mechanism other than contrac- 
tion of the smooth muscle of the gland. 


Hormonal control 


Both prostatic weight and the volume of the gland’s 
secretion vary directly with testosterone level. 
However, since the concentration of protein and PAP 
does not vary with androgen level, it appears that the 
composition of prostatic fluid is under neural, not hor- 
monal, control (80, 81). 


Pharmacology 


Our knowledge of how smooth muscle tone and con- 
traction of the human bladder neck, surgical capsule, 
and prostatic stroma are driven began with the demon- 
stration by Caine et al. (82) that treatment of BPH 
tissue with the mixed a,/a,-adrenal receptor antagonist 
phenoxybenzamine will reduce urethral resistance and 
thereby increase uroflow, accompanied by symptomatic 
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relief, As reviewed by Andersson et al. (83), while phe- 
noxybenzamine is clinically effective and has a high 
affinity for both a,- and a-adrenal receptors, the con- 
tractile properties are mediated principally by a,- 
adrenal receptors. In addition, there is a significant 
incidence and severity of adverse effects of phenoxy- 
benzamine arising from interactions independent of the 
a -adrenal receptors. Clinically, therefore, a preferred 
agent is prazosin, which is active only on the a,-recep- 
tor. Autoradiography (70) indicates that 85% of pra- 
zosin is localized in the fibromuscular stroma, with a 
much lower density (15%) on the glandular epithelium. 
Based on other findings, which show that stroma and 
epithelium exist in a similar ratio, it is estimated that > 
95% of the a,-receptor in human prostate is associated 
with the stroma. 

The innovative experiments of Guh et al. (84) 
provide a plausible explanation of the effects of nora- 
drenaline on the tone of the hyperplastic prostate. They 
found that ouabain, at a concentration insufficient by 
itself to cause contraction, elicits an increase in tone, 
following repeated stimulation by noradrenaline or an 
electric field. This is interpreted as showing that the 
increased tone is due to increased Ca?* entry and 
decreased Ca?* extrusion through the Na‘*/Ca** 
exchange system as a consequence of Na* pump inhibi- 
tion by this cardiac glycoside. 

Standley et al. (85) showed that IGF-I enhances (Na* 
+ K*)-ATPase activity in vascular smooth muscle cells 
(VSMC). It has been rapid and long-lasting effects. The 
carly (rapid), but not the long-lasting, effect is dimin- 
ished, in part, by an inhibition of Na*/H* exchange. As 
mentioned above, the (Na* + K*)-ATPase is an impor- 
tant mediator of vascular tone, (Ca7*], intracellular pH 
and growth. The fact that IGF-I is secreted locally by 
VSMC and endothelial cells suggests that this growth 
factor (hormone) may regulate local blood flow and 
short-term vascular growth. Since long-term activity of 
the pump is diminished by use of a specific inhibitor of 
the Na*/H* exchange, perhaps part of the activity of 
the pump is duc to increased intracellular Na* and/or 
intracellular pH. 


Muscarinic activity 


Unlike the abundant and clear-cut information about 
adrenal receptors, knowledge of cholinergic participa- 
tion in contractile and secretory activity is limited. As 
noted earlier, the presence of muscarinic cholinergic 
receptors has been well-documented in human and rat 


prostates. But, while cholinergic agonists are known to 
cause contraction of a number of smooth muscles, 
including the urinary bladder, urcthra, and prostatic 
capsule, Caine et al. (82) did not observe any choliner- 
gic contraction of prostate adenoma. However, by use 
of both radioligand-binding and subtype-spccific anti- 
bodies, the M1 subtype of the muscarinic receptor was 
found to be present in BPH and was, in fact, the pre- 
dominant (75%) subtype there (81, 86). Two possible 
functions of these receptors in the human prostate are 
stimulation of prostatic secretion and growth. As 
Famsworth and Lawrence (74) and Wang et al. (77) 
showed in the rat prostate, cholinergic stimulation pro- 
duces a steady, low level of secretion without histologic 
evidence of muscle contraction. In the human prostate, 
the anatomic location of muscarinic receptors 
(specifically the M1 type) on the glandular epithelium 
makes the possibility of a secretory role for muscarinic 
receptors an attractive hypothesis. Since the M1 recep- 
tor from BPH immunoprecipitates with a subunits of 
the G proteins, it is postulated that G12, perhaps the 
M1 receptor, affects cell growth of the adenoma, 
through phospholipase C. This enzyme hydrolyzes 
phosphatidylinositol—bis—phosphate to inositol 
trisphosphate (IP3) and diacylglycerol, stimulates 
arachidonic acid release, and opens calcium channels. 
Gutkind (87) showed that, when cell cultures, trans- 
fected with genes coding for M1, M3, and MS, are 
treated with the muscarinic agonist carbachol, they 
undergo transformation. Ruggieri et al. (86) proposed 
that these muscarinic receptors, linked to the PI system, 
stimulate the proliferation of LNCaP cells but not their 
production of PSA. 


Contractile activity 


In 1993, Langenstroer et al. ($2) presented the first 
detailed characterization of endothelin in the human 
prostate and showed that ET-1 is markedly prominent 
in the glandular epithelium, but of minimum concen- 
tration in the stroma. Isometric tension studies revealed 
that the contractile response to ET-1 is not affected by 
indomethacin, tcrazosin, or nifedipine, but that extra- 
cellular calcium is a common requirement for both ET- 
| and phenylephrine to elicit this contraction. Thus, 
ET-1, an epithclial secretion product, mediates a potent 
contraction of human prostatic smooth muscle cells 
that is not mediated via 4, adrenergic, or dihydropyri- 
dine-sensitive calcium channels or prostaglandin syn- 
thesis. 
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Androgen effects 


The effects of androgen deprivation have been studied 
in the rabbit prostatic urethra and the dog prostate. 
The sensitivity of the adrenergic contractile response in 
the dog prostate (88) is not affected by androgen depri- 
vation; nor is a-adrenergic contractile activity in the 
dog prostate regulated by androgen. The rabbit prosta- 
tic urethra (89) docs respond co androgen deprivation 
by a decrease in clectrically evoked relaxation, proba- 
bly due to an impairment of the relaxing ability of the 
smooth muscle in response to NO. 
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Introduction 


The organogenesis and secretory activity of the prostate 
gland are under hormonal control. Androgens play a 
major role in this regulation during both development 
and adult life (1). Moreover, androgen depletion very 
rapidly induces apoptosis in the prostate (2). Yet 
although essential, androgens alone are not sufficient to 
induce normal growth of the prostate or to ensure its 
normal functioning. Furthermore, non-androgenic hor- 
mones must be involved in the proliferation of prostate 
cancer cells that do not respond to anti-androgen 
therapy and thus become androgen independent (3, 4). 
It is paradoxical, furthermore, that testosterone levels 
decrease with age in men, whilst the incidence of pro- 
static discascs increases dramatically (5, 6). 

Non-androgenic steroids and some peptide hor- 
mones and growth factors can exert synergistic or 
antagonistic effects on the prostate (1, 4). Furthermore, 
prostatic cells secrete numerous growth factors: nerve 
growth factor, insulin-like growth factors, epidermis- 
derived growth factor, transforming growth factors, 
fibroblast growth factors, platelet-derived growth 
factor (7-9). These growth factors play an important 
role in regulating prostatic growth through autocrine 
or paracrine control mechanisms. Relationships 
between the stromal and epithelial compartments of 
the gland are also involved in prostate physiology and 
physiopathy (1, 10, 11). In this context, identifying the 
endocrine and intraprostatic factors that control 
prostate function, and understanding their mechanisms 
of action, are important objectives, given the very high 
incidence of prostate diseases in men. 


Pituitary hormones act on the 
prostate 


It has long been established that regression of the 
prostate is more pronounced after hypophysectomy 


Pituitary hormone receptors of the 


combined with castration than after castration alone 
(12-14). Recent work by Varani et al. shows that pitu- 
itary extracts are required for successful maintenance 
of human prostate tissue, non-malignant or malignant, 
for several days in organ culture (15). Prolactin (PRL) 
was initially believed to be the only pituitary hormone 
acting on the prostate, but it has recently been shown 
that growth hormone (GH), luteinizing hormone (LH), 
and follicle-stimulating hormone (FSH) are also impor- 
tant in normal and pathological development of the 
prostate (16, 17). Specific receptors for these three hor- 
mones have been detected by various approaches in 
human and/or rodent prostates, and co-expression of 
some of these receptors with their specific hormonal 
ligands has been evidenced in various normal and 
pathological situations (Fig. 3.1). The aim of the 
present chapter is to detail the available data concern- 
ing expression of pituitary hormone receptors in the 
prostate and the related functional consequences. 


Prolactin receptors 


High-affinity receptors for prolactin (PRL-R) are 
expressed in the prostate (18-20). PRL stimulates the 
proliferation (21, 22) and differentiation (23) of 
prostate cells. In intact and hypophysectomized rats, 
PRL injections increase the weight of the gland (24) 
and enhance RNA/DNA synthesis in all the lobes (25). 
Hyperprolactinemia, induced by combined 
androgen/estrogen treatment, is responsible for the 
development of inflammation (26), dysplasia, and adc- 
nocarcinoma (27) in the dorsolateral lobes of the 
gland. These effects are completely reversed in the pres- 
ence of bromocriptin (26-28). Wennbo et al. generated 
several lincs of transgenic mice overexpressing PRL and 
observed thar prostate weight was 20 times higher in 
these mice than in wild-type (wt) animals (29). 
Symmctrically, male mice with targeted disruption of 
the PRL genc display a significantly lower prostate 
weight than their wt counterparts (30, 31). PRL-R gene 
knock-out mice have also been generated, but prostate 
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Fig. 3.1 Hypothetical mode of action of pituitary hormones 
on the prostate: GnRH, gonadotropin-releasing hormone; 
GHRH, growth hormone releasing hormone; Som, somato- 
statin; Prf, prolactin-releasing factor; Pif, prolactin-inhibitory 
factor; DA, dopamine; MAPK, mitogen-activated protein 
kinase. 


function has not yet been cvaluated in these animals 
(32). All these effects may be due in part to the stimu- 
lating action of PRL on testicular steroidogenesis (33), 
but PRL can also act directly through its receptors and 
subsequently enhance 5-reductase activity and receptiv- 
ity to androgens (34-38). 

Morc recently it has been demonstrated that PRL 
can also exert androgen-independent effects on the 
prostate (39, 40). In the rat, PRL increases the zinc and 
citrate concentrations in the lateral prostate (23, 41) 
and the activity of mitochondrial aspartate aminotrans- 
ferase (40). These effects are completely independent of 
androgens. We have also shown that in all the lobes of 
the rat prostate, and independently of androgens, PRL 
can stimulate synthesis of certain major proteins: the 
C3 subunit of prostatein in the ventral lobes, probasin 
and RWB in the dorsolateral lobes (42). These same 
effects of PRL were observed in the presence of 
Finasteride and in explant cultures (42). 

The exact role of PRL in human prostate pathology is 
not yet clear. Circulating PRL levels increase with age, 
so the PRI. concentration is high when prostate diseases 
develop (43, 44). Yet conflicting results have been 


reported, showing either increased (45, 46) or 
unchanged PRI. levels in the case of benign prostatic 
hyperplasia (BPH), but increascd levels in patients with 
prostatic carcinoma (47). The recent observation that 
PRL is produced in the prostate itself (48, 49) may par- 
tially explain these differences. It also suggests that PRI.- 
R could be involved in both systemic and 
autocrine/paracrine regulations. In addition, it is now 
well established that PRL-R can activate the MAPK 
(mitogen-activated protein kinase) signaling cascade and 
hence promote cell proliferation in response to PRL (50). 


Growth hormonc receptors 


Expression of the GH receptor (GH-R) throughout the 
male reproductive system, including the prostate gland, 
was demonstrated in 1990 (51). Since then, we have 
shown that short-term GH treatment stimulates prosta- 
tic expression of androgen receptor, IGF-I, and IGF-I 
receptor in hypophysectomized immature rats (38). We 
were unable to determine in this model, however, 
whether these effects were mediated by GH-R, by the 
IGF-I receptor, or whether they resulted from stimula- 
tion of testicular steroidogenesis following hormone 
treatment. We later demonstrated effects of GH treat- 
ment on adult GH-deficient dwarf rats and on 
hypophysectomized and castrated normal adult rats 
(52). In both models, hormone treatment induced an 
increase in the levels of prostatein C3 subunit, 
probasin, and RWB RNAs, thus affecting the different 
lobes of the prostate. This series of experiments 
showed, moreover, that the role of GH is at least partly 
distinct from that of androgens and modulated by GH 
or IGF-I receptors, expressed in large quantities in the 
rat prostate (38, 52). In run-on assays it was shown 
that GH stimulates C3 and probasin genc transcrip- 
tion, while IGF-I stimulates the latter (52). The pres- 
ence of sequences resembling the consensus for STAT 5 
in the promoters of the C3 and probasin genes (the 5’ 
regulating end region of the RWB gene is still 
unknown) may explain these results. Moreover, the 
prostates of transgenic mice over-expressing bovine 
GH weigh considerably more than those of wild-type 
mice, as observed in two laboratories using different 
lines (29, 53). Nguyen et al., furthermore, have recently 
demonstrated the important role played by GH, during 
fetal life, in the differentiation of the male reproductive 
tract including the prostate (54). The observation that 
prostate weight is significantly reduced in IGF-I gene 
knock-out mice confirms that IGF-I may mediate the 
effects of GH on the gland (55). 

Regarding the potential role of GH in prostate dis- 
cases, we have shown that cell lines derived from 


24 Prostate cancer 


human tumors (lines LNCaP and PC3) and rat tumors 
(lines MAT-Lu, MAT-LiLu, and PIF-I) express more 
transcripts corresponding to GH-R and binding protein 
than normal tissuc (52). Like the PRL-R, the GH-R can 
induce the MAPK signaling pathway and thus mediate 
proliferation (56). These data suggest that GH may be 
directly involved in prostate cancer, an hypothesis sup- 
ported by a recent study by Jungwirth et al. (57). These 
authors showed a highly significant inhibitory effect of 
MZ-4-71, a novel antagonist of growth hormone 
releasing hormone, on in vivo proliferation of different 
prostate tumor cell lines. When the tumorigenous and 
androgen-independent cell lines DU-145 and PC-3 
were xenografted into nude mice, and when Dunning 
R-3327 AT-1 cells were transplanted into rats, animals 
treated with MZ-4-71 showed a considerably dimin- 
ished tumor volume as compared to control animals. 
Systematic studies in humans are now necessary to 
establish whether the promising results obtained with 
thesc experimental models can be achieved in man. If 
so, molecules like MZ-4-71 could be candidates for 
treating androgen-independent prostate tumors. Other 
investigators have obtained improved clinical perfor- 
mances of patients with hormone-refractory prostate 
cancer by using a combination of dexamethasone, trip- 
torclin, and a somatostatin analog (lanrcotidc) at doses 
capable of decreasing GH production in the pituitary 
gland (58). In studics on acromegalic, GH-deficient, 
and healthy subjects, furthermore, chronic excesses of 
GH and IGF-I were shown to cause prostate over- 
growth and further rearrangement phenomena, but not 
prostate cancer (59, 60). Some of these effects were 
reverscd by treatment with octreotide, which normal- 
izes the circulating levels of both GH and IGF-I (59). 
Finally, an epidemiological study has demonstrated a 
strong positive association between IGF-I plasma levels 
and prostate cancer risk (61). Together, these spectacu- 
lar results should lead to viewing the GH/IGF-I axis as 
important in prostate pathologies. 


Gonadotropin receptors 


It is well known that LH, by stimulating testicular 
steroidogenesis, plays a major role in prostate physiol- 
ogy. The idea that LH might also act directly on the 
prostate gland is very recent, the first results having 
been published in 1995. By cloning the gene encoding 
the LH/CG receptor (LH/CG-R), investigators were 
able to show that the receptor belongs to the seven- 
transmembrane-domain receptor family (62, 63) and 
that it is also present in non-gonadal tissues (64). These 


data prompted us to look for LH/CG-R in the rat 
prostate. 

Specific LH/CG-R transcripts were detected in the 
prostates of normal adult rats and a binding site was 
evidenced, with characteristics similar to those 
described for the gonadal LH/CG-R (K,: 6.0 x 10? M`!) 
(65, 66). LH/CG-R was found to be mainly expressed 
in the epithelium of the ventral lobe. In explant cul- 
tures of normal adult-rat prostates, LH induced a 
significant dose-dependent stimulation of cAMP (65). 
A subsequent publication by others has confirmed these 
results (67). 

The heterogeneous distribution of LH/CG-R within 
the gland and the observed stimulation of cAMP by LH 
in prostate explant cultures suggest that LH plays a 
physiological role in the rat prostate. Yet expression of 
traditional markers of prostate function (C3, probasin, 
RWB) appears unaffected by this hormone. The differ- 
ential display technique was used to search for LH-reg- 
ulated genes in prostates from hypophysectomized and 
castrated rats, where indirect effects of androgens are 
impossible (68). The study revealed eight different 
genes whose expression is significantly stimulated by 
LH, including the gene encoding ribosomal protein S$ 
23. Interestingly, none of these clones were regulated 
by androgens, suggesting that LH and androgens use 
independent signaling pathways to regulate gene tran- 
scription in the prostate. 

It is now worth addressing the question: is LH 
involved in human prostate diseases? Recently, Tao et 
al. (69) showed that the LH/CG receptor gene is 
expressed in the prostates of patients with BPH and 
cancer. Dirnhofer et al. have also evidenced its expres- 
sion in the prostates of certain BPH and cancer patients 
(17). In addition, these authors detected transcripts for 
the gonadotropin alpha subunit, for LH beta, and in 
some cases, for FSH beta and the FSH receptor, thus 
opening new avenues for future research. Here again, 
the possibility of pituitary-independent actions of these 
hormones should be considered. That gonadotropins 
might stimulate mitogenic activity in prostatic cells, 
possibly via an autocrine/paracrine mechanism, is a 
realistic hypothesis, given the role played by many G- 
protein-coupled receptors in normal growth control 
and tumorigenesis (70). 


Conclusions and prospects 


Growth hormone, LH, and to a lesser extent FSH, 
must now be viewed as hormones which, along with 
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steroids and prolactin, act directly on the prostate. 
Further work must be carried out to fully characterize 
the action of GH, LH, and FSH, and extend our 
knowledge of the action of prolactin. Human patholo- 
gies involving selective hypersecretion of these hor- 
mones (acromegaly, hyperprolactinemia, and 
gonadotropinoma) represent very interesting models 
for studying the cffects of these hormones on the 
prostate and the mechanisms involved. Activating and 
inactivating mutations in LH/CG-R, as well as inacti- 
vating mutations in FSH-R, also represent potentially 
interesting models for assessing the roles of the corre- 
sponding hormones in the function and pathogenesis of 
the human prostate (71-72). It is now possible to 
produce transgenic mice over-expressing, specifically in 
the prostate, a hormone or receptor gene (thanks to 
transgenes whosc expression is controlled by the 
probasin and C3 gene 5’ regulating cnd regions 
(73-75). These should be most useful in attempts to 
understand the physiological roles of all four hormones 
so as to evaluate their possible involvement in discase. 
Various lines of gene knock-out mice are now available 
and constitute models for studying how pituitary hor- 
mones affect the prostate (e.g. 30, 32, 55, 76-78). 
Organ culture methods are also particularly adapted to 
evaluating a single hormone’s effects on the gland (15). 
Finally, experiments carricd out in nude mice or in 
vitro on tumor cell lines should also contribute to eval- 
uating the importance of PRL, GH, LH, and FSH 
receptors in human prostate diseases. 
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4 | Microbiology of the prostate in health 


and disease 
J. Curtis Nickel 


Introduction 


The prostate holds a privileged position. Situated just 
below the bladder, it is separated from the outside 
microbijal-dense world by a long protective urethra. 
Traditional dogma believes thc prostate to be a sterile 
organ unless the patient suffers from clinically evident 
prostatitis or lower urinary tract infection. But is this 
the case? This chapter will explore the microbiology of 
prostatitis, benign prostatic hyperplasia, prostate 
cancer, as well as the normal asymptomatic prostate 
gland without any evidence of disease. This chapter 
will have clinical implications for physicians and urolo- 
gists dealing with men with prostate problems, whether 
they arc infectious, benign, or malignant. 


Acute bacterial prostatitis 


Acute bacterial prostatitis presents with clinical signs 
and symptoms of fever, dysuria, obstructive voiding, 
and exquisitely tender and perhaps boggy prostate on 
digital rectal examination. It is very rare, tends to occur 
spontancously, and is associated with a generalized 
infection of the glandular and stromal components of 
the prostate gland. It is almost always associated with 
bacterial cystitis and many times associated with gener- 
alized bacteremia or even septicemia. 

The majority of acute prostatitis patients present 
with an Enterobacteriaccac infection (1). These gram- 
negative bacilli are considered to be normal gastro- 
intestinal flora in humans. Typically, Escherichia coli 
represents 80% of the infections in acute prostatitis. 
The remaining 10-15% of additional bacterial prosta- 
titis infections are caused by Serratia, Klebsiella, 
Proteus, and Pseudomonas aeruginosa. The gram-posi- 
tive enterococci account for 5-10% of infections. 


True bacterial prostatitis is easily diagnosed and the 
bacteria are almost always eradicated with wide-spcec- 
trum antibiotic therapy. Occasionally a prostatic 
abscess will occur that needs to be surgically drained. 
Acute bacterial prostatitis does not appear to be related 
to the chronic prostatitis syndromes listed below. 


Chronic bacterial prostatitis 


Chronic bacterial prostatitis is characterized by recur- 
rent episodes of lower urinary tract infections (cystitis) 
and uropathogens detected in prostate-specific speci- 
mens (expressed prostatic secretion, post-prostatic 
massage urine or semen). Patients may complain of 
genito-urinary and perineal pain or discomfort between 
these acute cpisodes but, in many cases, the patients are 
asymptomatic. In most series, chronic bacterial prosta- 
titis typically accounts for only about 5-10% of pro- 
statitis patients (2). Fscherichia coli is the most 
prevalent organism, but other Enterobacteriaceae and 
Pseudomonas arc also typically found (Table 4.1). It is 
believed that enterococcus may have an etiologic role 
but the role of other gram-positive organisms, which 
typically colonize the distal urethra (Staphylococcus 
epidermidis, Corynebacterium spp., Staphylococcus 
saprophyticus, and Bacteroides spp.), as a cause of pro- 
statitis remains controversial. 


Table 4.1 Microbiology of bacterial prostatitis 


80% Escherichia coli 

10-15% Serratia 
Klebsiella 
Proteus 
Pseudomonas 

5-10% Enterococci 
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Table 4.2 National Institutes of Health (NIH) classification 
and definition of the categories of the prostatitis syndromes 


Category | 
Acute bacterial prostatitis—acute infection of the prostate 
gland. 
Catcgory II 
Chronic bacteria! prostatitis—recurrent urinary tract 
infection 
Chronic infection of the prostate 
Category MI 
Chronic pelvic pain syndrome (CPPS)—discomfort or pain 
in the pelvic region 
No demonstrable infection using standard culture 
techniques 
Category IHA 
Inflammatory CPPS 
Significant number white cells in semen/expressed prostatic 
secretion/urine specimen after prostate massage (VB3) 
Category IIIB 
Non-inflammatory CPPS 
Insignificant number white cells in semen/expressed 
prostatic secrction/urine specimen after prostate massage 
(VB3) 
Catcgory IV 
Asymptomatic inflammatory prostatitis (AIP) 
Evidence of inflammation and/or infection in biopsy, 
semen, expressed prostatic secretion, urine specimen after 
prostate massage 
No symptoms 


Chronic abacterial 
prostatitis/chronic pelvic pain 
syndrome 


The vast majority of patients who present with prosta- 
titis-like symptoms will not grow uropathogens on 
prostate-specific cultures. These patients have previ- 
ously been referred to as chronic non-bacterial prostati- 
tis or prostatodynia. Because it has become recognized 
that many of the symptoms referred to as chronic pro- 
statitis may not be related to the prostate gland at all 
(and subsequently promote inappropriate therapy), the 
Consensus Mecting of the National Institutes of Health 
Workshop on Chronic Prostatitis (3) reclassified this 
category as chronic pelvic pain syndrome (Table 4.2). 
This large category of patients was further subdivided 
into the inflammatory type (Category ITA) and non- 
inflammatory type (Category IIIB) based on the pres- 
ence or absence of white blood cells detected on 
prostate specific specimens. 


Controversy persists both in the literature and at 
prostatitis meetings on the ctiology of this syndrome. 
Popular theories (4) include intraprostatic ductal reflux 
(perhaps associated with dysfunction obstructive 
voiding), immunologic causes, chemical etiology, neu- 
romuscular/neurogenic or microbiological causes for 
the symptoms present in this syndrome. A very popular 
theory presented by many researchers is that this par- 
ticular syndrome is caused by organisms thought to be 
presumed non-pathogens, rarely cultured organisms, 
cryptic non-culturable organisms, or even viruses 
(Table 4.3). 

The author has presented the various arguments in 
the debate as to whether or not chronic pelvic pain syn- 
drome is a microbial infectious disease or not in a 
recent review (5). Since this topic is so controversial, a 
summary of that extensive review is warranted. 

There is empiric support for the concept that many 
patients with prostatitis may have a microbiological 
etiology for their syndrome. Most patients presenting 
with chronic prostatitis are treated with antibiotics (6, 
7, 8), despite the fact that most cultures remain nega- 
tive. This therapeutic paradox can be explained by the 
fact that many patients with no demonstrable infection 
respond to antibiotic therapy (9). Other studies have 
shown that serial repetitive prostatic massage speci- 
mens of expressed prostatic fluid identify more organ- 
isms than an initial single localization study (10). 

While the consensus that most gram-positive organ- 
isms were seldom causative for the symptoms of pro- 
statitis, it is now generally agreed that Streptococcus 
faecalis may cause chronic bacterial prostatitis and 


Table 4.3 Possible microbiological agents in ‘abacterial 
prostatitis/chronic pelvic pain syndrome’ 


Possible prostate pathogens: 
coagulase-negative staphylococcus 
Chlamydia sp. 

Ureaplasma sp. 
anacrobic bacteria 
yeast (Candida) 
Trichomonas sp. 
Corynebacterium sp. 

Acknowledged (?) prostate non-pathogens: 
diphtheroids 
Lactobacilli sp. 

Cryptic non-culturable organisms: 
‘biofilm bacteria’ 
viruses 
cell-wall deficient bacteria 
micro-organisms yet to be discovered 
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related recurrent enterococcal bacteruria (11, 12). Our 
group has isolated coagulase-negative bacteria in a 
culture of expressed prostatic secretion, as well as 
similar organisms in prostate biopsies (13). Others 
have also implicated coagulase-negative Staphylococcus 
in this disease (14, 15). Most investigators believe that 
coagulase-negative staphylococci localized to prostate 
specific specimens, including prostate biopsics, repre- 
sent only colonization. 

The evidence in respect to Chlamydia trachomatis is 
extremely conflicting and confusing. Chlamydia tra- 
chomatis has been identified in 20-56% of patients 
presenting with chronic prostatitis employing culture, 
immunologic, molecular biological, and even biopsy 
techniques (16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26). 
However studies done by the same and other investiga- 
tions employing cultures and serology could not 
confirm Chlamydia trachomatis as an etiologic agent in 
idiopathic prostatitis (27, 28, 29, 30). Anti-chlamydial 
antibody titers prostatic fluid was noted in 12% of 
control patients (31). A large molecular biological 
study of prostate tissue biopsies only detected chlamy- 
dia in 1% of men with chronic prostatitis (32). 

Other investigators have suggested that Ureoplasma 
urealyticum may be an important cause of chronic pro- 
statitis. Investigators have found high Ureoplasma ure- 
alyticum concentrations in 8-13% of patients with 
prostatitis (33, 34, 35). However other investigators 
were unable to implicate Ureoplasma urealyticum in 
patients with non bacterial prostatitis (36, 37). 

Some investigators believe that observations on the 
high prevalence of Trichomonas in patients with pro- 
statitis support an association betwcen this organism 
and the syndrome (38, 39, 40, 41, 42). However others 
(43) seldom isolated T. vaginalis from the urethras in 
men with chronic prostatitis syndrome. 

Anaerobic bacteria (44), yeast such as Candida (45, 
46, 47), viruses (48, 49), and cell-wall deficient micro- 
organisms (50) have been implicated in prostatic 
inflammation. Similarly, diphtheroids and Coryne- 
bacterium species (51, 52), usually acknowledged as 
prostate non-pathogens, have also been suggested as 
potential ctiologic agents of disease. 

Our group has shown that bacteria may not show up 
in expressed prostatic secretion and other prostate- 
specific specimens because of their protected ‘biofilm’ 
mode of growth within prostatic ducts or within 
obstructed ducts and glans of the prostate (53, 54). A 
recent study (55) demonstrated that men with inflamed 
expressed prostatic secretion (EPS) were more likely to 
have bacterial isolation, positive cultures for anaerobic 


bacteria, higher total bacterial counts, and more bacte- 
rial specics isolated in prostate biopsy cultures than 
men without EPS inflammation (even if the cultures 
were negative). Employing molecular biological 
methods (preliminary chain reaction) to evaluate a 
well-defined population of men with chronic idiopathic 
prostatitis, one group (32) decermined that 8% of biop- 
sies showed positive PCR assays for one or more 
specific micro-organisms. Broad spectrum PCRs 
demonstrated — tetracycline-resistant and coating 
sequences in 25% of subjects and 16SrRNAs in 77% 
of the patients. Investigators also found a strong corre- 
lation between inflammation in expressed prostatic 
secretion and detection of 16SrRNA in prostate tissue. 
All these findings suggest that fastidious and non-cul- 
tureable micro-organisms may be important in the eti- 
ology of chronic inflammatory prostatitis. 


Benign prostatic hyperplasia 


Kohnen and Drock (56) discovered that up to 98% of 
surgically rejected prostates removed for benign prosta- 
tic hyperplasia (BPH) contained at least some foci of 
significant prostatic inflammation. This finding has 
been confirmed by other researchers (57), Gorelick 
et al. (58) discovered that 21% of patients undergoing 
prostatectomy yielded a positive, single-organism bac- 
terial growth in prostate tissue. In a study recently 
completed in our institution (59), we noted that 100% 
of specimens demonstrated some degree of prostatic 
inflammation while 44% of the prostate specimens 
demonstrated bacterial growth. Of the organisms cul- 
tured from the deep prostatic chips, 87% were poten- 
tially uropathogenic. These findings suggest that 
inflammation and bacteria (uropathogenic and non- 
uropathogenic) are routinely associated in prostate 
glands in men with benign prostatic hyperplasia. 


Prostate cancer 


Inflammation is frequently observed in association with 
prostate cancer. It sometimes also confounds the detec- 
tion of prostate cancer through its potential effect on 
PSA levels. Prostatitis, and more specifically bacterial 
prostatitis, was first shown to influence PSA shortly 
after it was released for general use (60). Adequate 
treatment with appropriate antibiotics for acute prosta- 
titis usually results in subsequent normalization of 
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serum PSA levels. Chronic inflammation of the prostate 
in a patient who developed biopsy proven granuloma- 
tous prostatitis secondary to bacillus calmette-guerin 
(BCG) for carcinoma of the urinary bladder was like- 
wise demonstrated to be associated with elevated 
serum PSA (61). A recent investigation revealed an elc- 
vated scrum PSA level in 71% of patients with acute 
prostatitis, 15% of patients with chronic prostatitis, 
and 6% with non-bacterial prostatitis, but none with 
prostatodynia (62). In paticnts with bacterial prostati- 
tis, the serum PSA level decreased to normal after 
antimicrobial therapy in most cases in this series. 

In 700 men who underwent prostate needle biopsy 
for elevated PSA or abnormal digital rectal examina- 
tion, 27% have histological evidence of prostatitis (63). 
The majority (94%) had chronic inflammation, 6% 
had acute inflammation, and 0.2% had granulomatous 
changes. In another study, serum PSA values 
significantly correlated with the extent of histologically 
proven acute and chronic active prostatitis, whereas no 
correlation was noted between PSA and chronic inac- 
tive prostatitis (64). In this study, acute and chronic 
prostatitis was defined as acute (or chronic, respec- 
tively) infiltrate with neutrophils in the glands, whereas 
chronic inactive prostatitis indicated only chronic 
inflammatory infiltrate in the glands and stroma. 

Molecular biological studies performed on sterile 
biopsies of patients with prostate cancer prior to 
radical prostatectomy, suggests the presence of asymp- 
tomatic organisms within the prostate (Alexander, 
University of Maryland, personal communication). The 
implications of these findings, if duplicated, will be 
important as we study the microbiology of the prostate 
in benign and malignant prostate disease. 


The normal prostate 


There is some cvidence, albeit controversial, that the 
normal prostate gland has a commensal flora. In acute 
bacterial prostatitis (which is a very, very rare condi- 
tion) there is a generalized overwhelming of the entire 
prostate gland by a particularly uropathogenic organ- 
ism. In chronic bacterial prostatitis, on the other hand, 
most patients arc asymptomatic between cpisodes of 
recurrent lower urinary tract infections or cystitis. It 
may be that these patients have colonization of their 
prostate by potentially uropathogenic bacteria that 
only cause clinical problems when they are rcleased 
into the rest of the lower urinary tract. The evidence 
presented in the preceding sections demonstrates that 


many innocuous, and perhaps non-pathogenic, bacteria 
are present in studies of patients with chronic prostati- 
tis/chronic pelvic pain syndrome. These organisms 
include gram-positive bacteria such as Staphylococcus 
epidermidis, Staphylococcus saprophyticus, diph- 
theroids, Corynebacterium, Chlamydia, Ureoplasma, 
and perhaps other micro-organisms as well. The studies 
however failed to prove that these organisms were 
implicated in the symptoms. They might just be inno- 
cent bystander colonizers of the prostate gland. 
Evidence was also presented in the preceding section as 
to the very common occurrence of inflammation and 
bacteria in patients being investigated and treated for 
BPH and prostate cancer. Likewise, there has been no 
proven association between inflammation and bacteria 
in these benign and malignant diseases of the prostate 
gland. Unfortunately, no well-designed study has ever 
been attempted in a control population to determine 
the presence of these various micro-organisms in the 
healthy prostate. As such, this question of whether or 
not the prostate is a sterile organ (particularly in 
health) remains unanswered. 


Clinical implications 


While our knowledge of the microbiology of the 
prostate gland is interesting, confusing, and conflicting, 
it does appear to have some practical implications for 
clinical practice (Table 4.4). The clinical syndrome of 
acute bacterial prostatitis is well-defined, the most 
common organisms are both known and accepted, and 
this knowledge is already being used to direct effective 
antibiotic therapy for this syndrome. Similarly in 
chronic bacterial prostatitis, which by definition 
includes only uropathogenic bacteria, the best antibi- 
otic therapy (fluoroquinolines and trimethroprim pene- 
trate the prostate gland and ducts better than other 
antibiotics) is recognized. Although the optimal 


Table 4.4 Microbiology of the prostate: clinical lessons 


= 


The prostate may not be a sterile organ. 

2. Prostatic micro-organisms may or may not be involved in 
the symptoms suffered by patients with chronic 
prostatitis. 

3. Inflammation and/or infection may be involved in the 
pathogenesis of BPH and prostate cancer. 

4. Inflammation and/or infection may be associated with 
elevated PSA. 

5. Antibiotic prophylaxis is warranted in prostate surgery. 
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duration of therapy is unknown, 4-6 weeks of antibi- 
otic treatment results in amelioration and cure in the 
majority of this rare group. Because of the distinct pos- 
sibility that chronic abacterial prostatitis/chronic pelvic 
pain syndrome is secondary to some presumed non- 
pathogenic, Chlamydia trachomatis, Ureaplasma ure- 
alyticum, or a non-cultureable micro-organism, it 
would seem prudent that all patients who present with 
this syndrome (particularly with those with the 
inflammatory category) be treated at least once with a 
wide-spectrum antibiotic. Based on the evidence, 
fluoroquinolones such as ofloxacin or alternatively a 
combination of trimethoprim and a tetracycline (either 
sequentially or concurrently) would be recommended 
to cover the vast majority of these organisms. Because 
bacteria, particularly potentially uropathogenic bacte- 
ria, have been identified in prostate glands of many 
patients with benign prostatic hyperplasia, all patients 
undergoing transurethral surgery for BPH should be 
considered for antibiotic prophylaxis. Similarly, 
prostate cancer patients who undergo prostate manipu- 
lation (biopsy, radical prostatectomy, radioactive seed 
implantation) should also be considered for prophylac- 
tic therapy. Patients with genito-urinary pain symp- 
toms (symptoms of acute/chronic prostatitis/chronic 
pelvic pain syndrome) and an elevated PSA should be 
considered for a full course of antibiotics and a repeat 
PSA before proceeding to a prostate biopsy (Fig. 4.1). 


PSA Elevation 


Signs of prostatitis 


TRUS PNB 


Antibiotic Therapy 


CAP 
BPH 
Prostatitis 


Normal | 


Close 
Surveillance 

Possibility of 
Missed CAP 


Treat 
Accordingly 


Fig. 4.1 Management approach for serum PSA elevation: 
BPH, benign prostatic hyperplasia. (Adapted with permission 
trom Letran JL, Brawer MK. Prostate specific antigens and 
prostatitis. In: Textbook of prostatitis (ed. Nickel JC. ISIS, 
Oxford UK, 1999.) 


Conclusions 


The prostate is not always a sterile organ, particularly 
when associated with prostate discase (prostatitis, 
BPH, prostate cancer). There is some cvidence that it 
may not be a sterilc organ in patients with a normal 
healthy prostate as well. There may or may not be a 
population of bactcria that would include a normal 
non-pathogenic flora with occasional asymptomatic 
colonization by potentially uropathogenic bacteria. 
These uropathogenic bacteria in the prostate do pose a 
risk to the patient, particularly if they suffer from 
recurrent urinary tract infections, symptomatic prosta- 
tic inflammation, or require prostate manipulation for 
BPH and/or prostate cancer. The entire story of the 
microbiology of the prostate gland remains to be told. 
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5 | Lower urinary tract symptoms and 


benign prostatic hyperplasia 


H. Logan Holtgrewe 


Introduction 


Within a text devoted to prostate cancer, it is, indeed, 
appropriate to include a chapter dealing with benign 
prostatic hyperplasia (BPH): another disorder arising in 
the same organ; a disorder that is more common than 
is prostate cancer. Both these diseases can cause com- 
parable symptoms. Unfortunately, as is described by 
other authors within these proceedings, when prostate 
cancer produces symptoms, the malignancy is often 
beyond cure. 

Yet it remains the responsibility of the physician 
managing a patient with lower urinary tract symptoms 
(LUTS) and suspected BPH to remember that his or her 
first responsibility is to exclude two life-threatening 
conditions; the symptoms of which can replicate benign 
prostatic and urinary disorders. 

The first is prostate cancer—the subject of this text. 
Ornstein and co-workers (1) recently published sober- 
ing data. Despite prior screening and serum prostate 
specific antigen (PSA), digital rectal examination 
(DRE), and the performance of systematic prostatic- 
ncedle biopsies, when indicated, based on abnormali- 
tics of either of these tests, more than 15% of men in 
their serics who underwent transurcthral resection of 
the prostate (TURP) with a diagnosis of BPH were 
found to have unsuspected clinical-relevent cancers 
within pathological specimens (T1B or greater). A high 
suspicion must be constantly maintained and continued 
surveillance must be an ongoing part of the therapy of 
men with LUTS and BPH. The second is carcinoma in 
situ of the bladder, which is usually associated with 
microscopic hematuria and is a less difficult diagnostic 
problem, especially given the high probability of posi- 
tive urine cytologies associated with this disorder (2). 

When the physician is satisfied, through the employ- 
ment of those existing diagnostic tools currently avail- 
able, that the patient has a benign urological condition, 


attention can then be directed toward resolution of the 
patient’s symptoms; the complaint that has prompted 
his desire for medical assistance. The United States 
Agency for Health Care Policy and Research (AHCPR), 
an agency of the Federal Government of the United 
States of America has published guidclines for the cval- 
uation and management of LUTS and BPH (3). Based 
upon the world’s available urological literature at the 
time of its publication in 1994, this document contains 
valuable information and guidance toward the evalu- 
ation of the symptomatic male. The Consensus 
Committee of the World Health Organization (WHO), 
in its International Consultation on BPH held in Paris, 
created recommendations for the evaluation of men 
with lower urinary-tract symptoms and benign prosta- 
tic hyperplasia very similar to those published by 
AFICPR (4). 

Essential in the evaluation of a man with LUTS is a 
carcful medical history and physical examination, 
including a DRF. A urinalysis and serum creatinine is 
also mandatory as is, in the view of this author, a 
PSA—especially in the light of the work of Ornstcin 
cited above. In a 1997 poll of American urologists con- 
ducted by the American Urological Association and the 
Gallup Organization of Princeton, New Jersey, it was 
determined that 92% of American urologists obtain a 
PSA in the evaluation of men presenting with lower 
urinary tract symptoms (5). 

Quantification of the patient’s symptoms is then 
established using the sclf-administered AUA Symptom 
Index (6) or the International Prostate Symptom Score 
(IPSS) (7). These are identical symptom indices with the 
exception that the IPSS Index contains an eighth 
quality of life question not present in the AUA 
Symptom Index. Extremely important in determining 
the decision, as regards therapy, is the impact thar the 
patient’s symptoms have upon his quality of life. In an 
effort to determine more about the impact of the 
patient’s symptoms, Barry and co-workers published a 
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BPH Impact Index (8). This four-question patient- 
conducted self-assessment helps to decide whether or 
not the patient’s symptoms are severe cnough to justify 
any type of therapeutic intervention, cither medical or 
surgical. 

The AHCPR guidelines discuss other optional inves- 
tigative studies, which can be helpful in assessing the 
patient’s status. One of these studies is the uroflow 
rate. However, the value of uroflow studies has been 
challenged by the work of Fencley and co-workers (9), 
who reported substantial variations in voiding of a 
single individual on various urinations. Further, 
Reynard and co-workers (10) reported a significant 
increase in Q-max with each successive voiding when 
multiple flow studies were performed on a single indi- 
vidual over a period of time. While extremely popular 
among urologists, the true value of a urinary flow rate 
remains questionable. In point of fact, patients care 
little about their flow rate, only about their symptoms. 

More complex urodynamic and pressure flow studies 
are the only methods available to definitively prove the 
presence or absence of outlet obstruction. Abrams and 
co-workers (7) believe that such procedures are manda- 
tory prior to any surgical intervention. It is highly ques- 
tionable in this author’s view, however, whether these 
invasive and costly procedures can be justified in the 
evaluation of a man who is not going to undergo surgi- 
cal treatment but is going to be treated medically or 
with watchful waiting. Such investigative studics are 
not advocated by Gerber and co-workers (11), who 
state that complex urodynamics do not predict the 
response to medical management. Citing the lack of 
predictive value, their invasiveness, and cost, 
McConnell (12) regards urodynamic studies as 
optional even before surgical intervention. 

The routine evaluation of the upper urinary tract by 
either intravenous pyelography or renal sonogram is 
not recommended by cither the AHCPR or the WHO 
guidelines. In a man with no flank symptoms, no 
history of previous urological abnormalities (aside 
from his lower urinary tract symptoms), and in the 
absence of hematuria, cither gross or microscopic, 
these guidelines state there is no merit in performing 
upper-tract visualization. Such procedures are costly 
and contribute nothing to the final decision in the selec- 
tion of management. Should there be co-existing 
abnormalities in the urinary tract, such as hematuria, 
then obviously upper-tract studies would be indicated 
based upon the existence of co-morbidity. 

Neither is there any evidence that a diagnostic cys- 
toscopy to determine the ‘necd to treat’ is of any value 


in the view of the AHCPR and WHO Guidelines. 
Invasive, costly, and uncomfortable to the patient, a 
diagnostic cystoscopy is not of valuc. Once surgery has 
been determined to be the therapy of choice, knowl- 
edge concerning anatomy of the prostate (prostate 
configuration and presence or absence of the median 
lobe) is of some importance. Cystoscopy is often indi- 
cated to clarify these anatomical details. 


Pathophysiology of lower urinary 
tract symptoms 


Physicians and urologists worldwide have for decades 
traditionally referred to a man of SO years of age or 
older presenting with slowing urinary stream, hesi- 
tancy, urgency, frequency, nocturia, and the fecling of 
incomplete bladder-emptying as having ‘prostatism’. 
Tradition has attributed the onset of these symptoms to 
the man’s prostate gland having enlarged. Recent epi- 
demiological work has clarified this issue substantially. 
Today we know that many men presenting with these 
symptoms do, indeed, have prostate enlargement due 
to benign prostatic hyperplasia. Many others, however, 
do not. There currently exists inadequate data to 
confirm what percentage of symptomatic men have 
true BPH versus those who are simply symptomatic 
without any significant prostate gland enlargement. 
Abrams (7) advocates the use of the term lower urinary 
tract symptoms (LUTS), a descriptive not a pathologi- 
cal term, Other diagnostic tests and undertakings 
should then be employed to determine the precise 
pathophysiological problem causing the patient’s 
symptoms. 

Recent epidemiological work has also clarified 
another misconception long held within the urologica! 
community—that prostate volume was unrelated to 
progression of disease, degree of symptoms, uroflow 
rates, or patient age. Jacobsen and co-workers (13) 
report that men with prostates of 30 ml or larger expe- 
rience a three-fold greater incidence of acute retention. 
Men between ages 40 and 49 ycars with moderate or 
sevcre symptoms had a risk rate of urinary retention of 
3-1000 as compared to a rate of 35-1000 for men 
aged 70-79 years. These investigators also reported 
that men with peak flow rates of less than 12 ml/s had 
a four times greater risk of acute retention than did 
men with better flow rates. Girman (14) reported that 
the odds of having moderate or severe symptoms 
increase with age. Adjusting for age, this investigator 
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found that men with prostate volumes of 50 ml or 
larger were 3.5 times more likely to have moderate or 
severe symptoms and 2.4 times more likely to have a 
peak flow rate of less than 10 ml/s as compared to men 
with smaller prostates. It, thus, appears that prostate 
volume is related to age, symptom levels, flow rates, 
and the probabiliry of development of future adverse 
events. 

Sanda and co-workers (15) have reported a familial 
incidence of BPH. They reported mean prostate 
volumes of men with three or more family members 
with BPH as being 82.7 ml whereas men with sporadic 
BPH had volumes of only 55.5 ml. Since both groups 
had comparable androgen levels, Sanda and co- 
workers concluded that genetic and not androgenic 
factors were responsible for the differences. Further, 
symptoms levels appear to have a rclationship to the 
development of future adverse events. Barry and co- 
workers (16) reported that men with baseline mild, 
moderate, and severe symptoms experienced a 10%, 
24%, and 39% rate of prostate surgery, respectively, 
during the four years of their study. 

Lower urinary tract symptoms arc not a surrogate 
for benign prostatic hyperplasia. It is essential that the 
physician managing men with LUTS understand this. 
Even current medical literature continues to confuse 
this issue. Many recent papers published on the man- 
agement of ‘BPH’ are in fact studies of men presenting 
with lower urinary tract symptoms. It is essential that 
the physician evaluating men with lower urinary tract 
symptoms understand clearly that all men with LUTS 
do not have BPH. This is a very important point as can 
be seen in subsequent discussion in this chapter since 


Numbers performed 
(thousands) 


this determination makes a great deal of difference in 
the strategies of management employed in symptom 
relief. 


Therapeutic options 


As recently as the mid-1980s, the only strategies of 
management available to the symptomatic male were 
surgery or watchful waiting. In 1962, American urolo- 
gists performed a mean of 101 transurcthral resections 
of the prostate (TURP) per year (17). In 1986, TURP 
constituted 38% of all major surgeries performed by 
American urologists, and activities centered on this 
single operation comprised 25% of their total profes- 
sional workload (17). The number of TURPs per- 
formed in the United States Medicare program (health 
care for patients over 65 years of age) reached a peak 
of 258 000 procedures in 1987. The number of TURPs 
has steadily fallen to 94000 in 1998 (Health Care 
Financing Administration BESS Data 1998) (Fig. 5.1) 
(18). Comparable declines in the incidence of TURP in 
the surgical treatment of LUTS and BPH have occurred 
worldwide (19). 

The reasons for the decline in number of TURPs is 
multifactorial. There has become an increasing aware- 
ness of the fact that many men with lower urinary tract 
symptoms do not experience a high incidence of subse- 
quent complications. Wasson and co-workers (20), in 
their trial of symptomatic men randomized to either 
TURP or watchful waiting, reported a very low inci- 
dence of major complications among the men random- 
ized to watchful waiting during their 3-year study, 
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Fig. 5.1 The decade of 1987-98 has witnessed a 63% decline in the number of TURPs performed within the USA Medicare 


program (men 65 years of age and over). 
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despite the fact that many of these men had significant 
symptoms levels. 

Clearly the greatest reduction has been related to the 
advent of medical management. The extent of penctra- 
tion of medical management in the treatment of men 
with LUTS was documented by the American 
Urological Association (AUA) Gallup Poll conducted in 
1997 (5). American urologists reported that their first 
treatment recommendation for men with moderate 
symptoms (AUA score 8-19) was medical management 
25%of the time. Their first recommendation for men 
with severe symptoms (AUA score of 20 or morc) was 
medical management 55% of the time. Also leading to 
the decline in the number of TURPs has been the 
advent of multiple-device therapies for lower urinary 
tract symptoms and benign prostatic hyperplasia. Thus, 
the armamentarium of the urologist has become greatly 
expanded. The patient now has multiple options. It is 
important that both the physician and patient alike 
understand these options, their respective harms and 
benefits, and their probabilities of achieving symptom 
relief. The remainder of this chapter will undertake to 
provide basic data concerning the currently available 
means of managing LUTS and BPH. 

The patient who, after evaluation, is found to have 
refractory urinary retention, upper tract damage, renal 
insufficiency, bladder damage, bladder calculi, or recur- 
rent urinary tract infections secondary to obstruction, 
must have surgical correction of their obstructive 
uropathy. Medical therapy has no role in the manage- 
ment of such patients. Currently, it remains unclear as 
to whether or not newer device therapies would have a 
role in this scenario. 


Medical therapy 


Three forms of medical therapy for LUTS and BPH 
currently exist: 


(1) the pharmacological family of alpha-blocking 
agents; 
(2) hormonal agents—Sa-reductase inhibitors; and 


(3) phytotherapy using plant extracts. 


Alpha-blocking agents 


Caine and co-workers first described the use of the 
non-selective alpha-blocking agent, phenoxybenzamine 


(21-23) in the management of men with lower urinary 
tract symptoms. The work of these authors was then 
supplemented and expanded by Lepor (24-26) and 
Shapiro (27-30). These investigators reported that 
there appeared to be relaxation of smooth muscle tonc 
in the prostatic stroma, prostatic capsule, bladder neck, 
and peri-urethral tissues bringing about a potential 
relief of LUTS in many men (31). Popular alpha-block- 
ing agents in worldwide use today are thc selective 
long-acting alpha-adrenoreceptor antagonists, tera- 
zosin, doxazosin, and tamsulosin. Their popularity has 
been related to their simplicity in use at once-a-day 
dosage, and to thcir apparent specificity to smooth 
muscle of the lower urinary tract. Lepor has reported 
that the improvement in symptoms associated with ter- 
azosin therapy is dose-dependent. Men receiving 
placebo, 2 mg, 5 mg, or 10 mg of terazosin experienced 
a 30% improvement of symptoms of 40%, 51%, 57%, 
and 69%, respectively (32). Lepor recommends 
upward titration of dosage until symptoms are relieved 
or to a maximum dose of 20 mg. Rochrborn and co- 
workers (33) found a 37.8% improvement in the AUA 
Symptom Score in doxazosin-treated men versus an 
18.4% improvement in their placebo group. Yet, this 
group of investigators found that the improvement in 
peak flow rates of the treated versus the placebo group 
was a minimal 2.2 mi/s. It would seem rather question- 
able that a patient could determine such a minimal 
improvement in flow rate. 

Lepor postulates that the beneficial affect of tera- 
zosin on symptoms is not exclusively mediated by 
reduction in ourlet obstruction (34). He bases this in 
part on a study of two managed groups of sympto- 
matic men, one with peak urinary flow rates greater 
than 15 ml/s and the other with peak flow rates of less 
than 15 ml/s in which both groups were found to have 
identical symptom improvement. The work of Witjes 
and co-workers (35) adds additional data. In two 
studies, investigators found significant symptom 
improvement in both urodynamically documented 
obstructed and urodynamically documented unob- 
structed men. 

A deficiency in existing clinical studies using alpha- 
blocking agents is the lack of long-term evaluations. 
Despite the millions of doses of alpha-blockers that 
have been prescribed worldwide, the urological litera- 
ture is still deAcient in data concerning long-term 
outcomes. In a 42-month terazosin open-label, multi- 
center study (31), Lepor has reported a mean sustained 
40% improvement in the Boyarsky score and a sus- 
tained 3 ml/s improvement in Q-max rates at 42 
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months. However, data are available on only 47 men 
(9.5% of the initial 494 men entered into the study). A 
second study was a 4-year long-term efficacy and safety 
trial of doxazosin (36). This study enrolled men who 
had previously been part of a double-blinded, placebo- 
controlled study. Of those patients with 48-month 
data, all had sustained symptomatic improvement, yct 
4-ycar data were available on only 28 men. Despite 
their popularity and worldwide use, long-term infor- 
mation remains lacking. 

Tamsulosin, a selective alpha-1A adrenorcceptor 
antagonist, is being advocated duc to its exclusive 
specificity to the smooth muscle of the prostatic 
stroma, thus eliminating the cardiovascular and other 
side-effects associated with the less selective alpha-1 
agents. This lack of cardiovascular effect has been her- 
alded by its advocates as allowing the drug to be given 
initially at therapeutic levels without the titration 
required for terazosin and doxazosin. Abrams and co- 
workers (37) reported the findings of a randomized, 
placebo-controlled 7-week trial. Boyarsky symptom 
improvement was 28% in the tamsulosin group versus 
17% improvement in the placebo group. Of interest in 
this study was a 28% reduction in bladder pressure at 
peak flow in the tamsulosin group versus an increase of 
7.5% in bladder pressure in the placebo group. There 
appeared to be no significant differences in blood pres- 
sure between the tamsulosin and placebo groups. 
Comparable outcomes were reported in another ran- 
domized trial of 12-weck duration by Abrams and co- 
workers (38). Chappel and co-workers (39) in their 
concluded that tamsulosin was associated with a 35% 
improvement in the Boyarsky symptom score versus 
25% for placcbo. These authors reported adverse 
events were comparable in both the tamsulosin and the 
placebo groups. In an 8-week trial comparing tamsu- 
losin versus terazosin, Lee and associates (40) con- 
cluded that both these agents were equally effective in 
achieving symptom relief but the tamsulosin had a 
superior safety profile. 

Lowe (41), in an evaluation of the effect of tamsu- 
losin in men already on monothcrapy for hypertension, 
found no clinically significant changes in blood pres- 
sure, pulse rates, electrocardiographic findings,or halter 
monitor findings associated with the addition of tamsu- 
losin to the already existing hypertensive regiment. 
This prompted Lowe to suggest that no adjustment in 
programs of monotherapy arc required when tamsu- 
losin is added to treat LUTS. It would seem from the 
available literature that tamsulosin produces, at Icast in 
the short term, symptom relief comparable with other 


alpha-1 blocking agents but exerts less or no effect on 
the cardiovascular system, thus isplaying a lesser toxic- 
ity profile. However, only short-term findings exist in 
the current medical literature. More long-term data is 
needed. If the existing short-term studies are substanti- 
ated by evaluations of longer duration, it might seem 
that tamsulosin could emerge as the alpha-blocking 
agent of choice for normotensive men with LUTS, 
rescrving the alpha-1 blocking agents for treatment of 
LUTS in men with co-xisting hypertension and in 
whom the concurrent cardiovascular affects of these 
alpha-blocking agents yields an additional benefit. 


Phytotherapeutic agents 


Described by their manufacturers as plant extracts and 
food supplements, these agents are exempt from the 
control of the Food and Drug Administration (FDA) of 
the United States. These agents have been popular in 
Europe and other parts of the world for many years. In 
recent months there has been an increasing entry of 
these agents in the use of treatment of LUTS in the 
United States. Studies have been undertaken to identify 
their natural ingredients and the pathophysiology of 
their alleged symptoms improvement. Most phytother- 
apeutic agents seem to contain fatty acids, free fatty 
alcohols, tiriterpenes, and sterols (42). Which, if any of 
these ingredients, are effective on the prostate seems 
unclear. It is also unclear as to the absorption rates of 
these agents (42). Rhodes and co-workers (43) evalu- 
ated these agents for Sa-reductase activity and found 
none. Double-blinded, randomized, placebo-controlled 
studies evaluating phytotherapies arc clearly indicated. 
Further, their use should be compared to those of the 
alpha-blocking agents and the hormonal altering 
agents. Until such time as more information becomes 
available regarding their efficacy, durability and mode 
of action, the role of phytotherapcutic agents in man- 
agement of men with lower urinary tract symptoms 
will remain unclear. 


§ a-Reductase inhibitors 


Walsh and co-workers (44) describe patients who had 
a congenital form of psuedohermaphroditism sec- 
ondary to deficient dihydrotestosterone (DHT) levels, 
which was related to 5@-reductase activity. Such men 
have unpalpable prostates. This and other work (45, 
46) led to the concept that an inhibitor of 5a-reductase 
could block DHT production and, thus, impact on the 
prostate gland. Finasteride is a type Il Sa-reductase 
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inhibitor. As such, it blocks the conversion from testo- 
sterone to DHT (45, 47). Clinical studies in North 
America revealed a sustained DHT reduction and a 
concomitant reduction in prostate volumes at 24 and 
36 months (48, 49). This prostate volume reduction 
was associated with reduction in symptoms and some 
improvement in uroflow rates. Moore and co-workers 
(50) found DHT reductions of 72% in peripheral 
blood and prostate reduction of 30% along with 
uroflow rate increases of 1.5 ml and PSA reductions in 
50% in their cohort of investigated men taking finas- 
teride. These changes were sustained in their cohort of 
70 men over an interval of 5 ears. 

The histological effects of finasteride on the prostate 
have been evaluated by several investigators. Marks 
and co-workers (51) documented PSA reductions from 
baseline of 48% and DHT reductions of 74% in 
peripheral blood. Prostate volume reductions are 
reported at 21%. These authors conducted prostate 
biopsies finding a linear correlation between pretreat- 
ment inner glandular epithelial components and finas- 
teride-induced prostate volume decreases, leading the 
authors to conclude that finasteride causes a major sup- 
pression of prostate epithelium most pronounced in the 
inner gland and that of the transition zone. Montironi 
and co-workers (52) report an increase in 
stroma/epithelial ratios and acini cellular atrophy 
within the transition zone in men receiving finasteride. 
Rittmaster and co-workers (53) confirmed these 
findings by using immunostaining for tissue transgluta- 
minase, a marker for apoptosis and program cell death. 
The authors suggest that finasteride causes prostate 
involution through epithelial cell atrophy. These micro- 
scopic cellular findings would seem to correlate with 
clinical symptoms. Tewari and co-workers (54) found 
that symptomatic responders to finasteride therapy 
experienced a 44.8% reduction in transition zone 
volumes in comparison with only a 16% reduction in 
non-responders. The urodynamic impact of finasteride 
has been studied by Tammela and co-workers (55) who 
reported that finasteride achieved moderate decreases 
in bladder outlet obstruction but only occasionally 
relieved obstruction completely. 

PSA alteration of men receiving finasteride has been 
well documented in the literature. Guess and co- 
workers (56) report that finasteride reduces PSA by 
approximatcly 50% over pre-therapy levels after an 
interval of 6 months or longer. Theses authors recom- 
mend that men receiving finasteride should have their 
PSA doubled and then compared with cither age-inde- 
pendent or age-adjusted norms for untreated men. 


These authors suggest that when PSA is used in this 
method its sensitivity and specificity is similar to that 
achieved in untreated men. Matzkin and co-workers 
(57) reported chat, although finasteride reduces both 
total and free PSA levels, mean to total free assay ratios 
remain unchanged. Thus, the free to total PSA ratios 
currently used to help differentiate benign from malig- 
nant processes remained valid during finasteride treat- 
ment. Narayan and co-workers (58) report that 
finasteride has no effect on serum levels of prostatic 
acid phosphatase. 

Periodic gross hematuria can occasionally be a 
problem associated with men with enlarged prostates. 
Puchner and co-workers (59) have reported the 
beneficial effect of finasteride in controlling this clinical 
syndrome. While there exists no contemporary litera- 
ture confirming its efficacy, this author has found that 
finasteride is of benefit in men with recurring 
hematospermia when other more scrious conditions of 
the prostate have been excluded. 

Adverse events experienced with finasteride are 
almost entirely confined to sexual dysfunction. Nickel 
and co-workers (60) reported adverse events in their 
finasteride and placebo group to be identical with the 
exception of sexual events. Their finasteride group 
experienced a 15.8% incidence in impotence versus a 
6.3% incidence in their placebo group. Ejaculatory dis- 
orders occurred in 7.7% of finasteride group versus 
1.7% in the placebo group. Tollin and co-workers (61) 
reported that finasteride has no effect on the bone 
turnover or bone density. In the largest study of the 
side-effects of finasteride, including 14772 men, 
Wilton and co-workers (62) reported the following 
adverse events: impotency or ejaculatory failure, 2.1%; 
loss of libido, 1%; gynecomasty, 1.4%. No drug- 
related deaths were reported in this large study. 


Choosing between alpha-blockers and 
finasteride 


Recent clinical studies have contributed greatly to the 
proper selection of medical therapy. The co-operative, 
multi-centered Veterans Administration (VA) study of 
Lepor and co-workers (63) reported that finasteride 
was only little more effective than placebo in a 1-year, 
double-blinded, placebo-controlled study made up of 
four arms (placebo, terazosin, finasteride, and combi- 
nation terazosin/finastcride). Mean changes in these 
respective groups were as follows: AUA Symptom 
Indices reductions, —2.6, -3.2, -6.1, and -6.2; uroflow 
increases (minimal in all arms), +1.4, +1.6, +2.7, and 
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+3.2 ml/s; and prostate volume changes (obtained by 
ultrasound) from baseline of +1.3%, -16.8%, +1.3%, 
and -18.8%. The mean baseline prostate volumes of 
the men in all four arms were approximately equal but 
uniformly small (38.4 ml, 37.5 ml, 36.2 ml, 37.2 ml). If 
a symptomatic man does not have significant transi- 
tional zone enlargement due to BPH, he will fail to 
respond to finasteride. If the patient’s prostate is not 
enlarged at baseline, reduction in its size could hardly 
be expected to be beneficial. Because of the small mean 
prostate volumes of the men in the VA study, it can be 
inferred that the large majority of the enrolled patients 
did not have significant BPH-induced transitional zone 
hypertrophy and were, thus, doomed to finasteride 
failure from the very inception of the VA study. 

Confirming the importance of prostate volume as a 
predictor to finasteride response is the work of Boyle 
and co-workers (64). These investigators conducted a 
meta-analysis of the finasteride arms of six large inter- 
national trials. All men given finasteride or placebo 
were divided into groups based upon their baseline 
prostate volumes. If the baseline volume of the prostate 
was below 40 ml, finasteride was no more effective 
than placebo in symptom relief. However, if the 
prostate volume was 40 ml or greater, there was 
improvement in symptom scores over placcbo; the 
larger the prostate, the greater the improvement. These 
findings lead Boyle to conclude that finasteride therapy 
should be reserved for men with prostate volumes of 
40 ml or greater. 

Prostate volume, as determined by digital rectal exam 
(DRE), is recognized as being somewhat inaccurate. 
Rochrborn and co-workers (65) have documented that 
when the finger of the experienced urologist deems the 
prostate to be 40 g or larger, this determination invari- 
ably underestimates the gland’s truc volume as measured 
by transrectal ultrasound, thus questioning the validity 
of the use of this easy, cost-effective examination to 
establish the approximate prostate volume. However, 
the clinical assessment of prostate size now appears to be 
further assisted by the recent work of Rochrborn (66) 
showing that PSA levels are a reliable surrogate for 
prostate volumes. This work reveals that the higher the 
PSA the larger is the prostate gland. This assumes that 
prostate cancer has been excluded, based upon currently 
available diagnostic methods. This work further reveals 
that men with a PSA below 1.4 ng/dl do not have 
enlarged prostates. Above 1.4 ng/dl, the prostate size 
escalates in volume as the PSA level increases. 

The largest and longest, randomized, double-blinded, 
clinical trial to date on the medical management of 


LUTS and BPH is the Proscar Long-Term Efficacy and 
Safety Study (PLESS). Finasteride, when compared to 
placebo during the 4-year interval of the PLESS trial, 
reduced the risk rate of acute urinary retention by 57% 
and the need for surgical intervention by 55%. These 
data may have a significant impact on the long-term 
management of men with enlarged prostates. It appears 
it is now possible to arrest the progression of BPH with 
the resultant reduced risk of acute urinary retention 
and the future need of operative intervention. In men 
with truly enlarged glands due to BPH, this is an 
attribute not currently proven for any other form of 
medical management. During the 4 years of the PLESS 
study, those men on placebo experienced a 14% mean 
increase in prostate volume, while those on finasteride 
experienced a sustained 18.0% reduction (66, 67). 
Roehrborn and co-workers (66), through analysis of 
the PLESS data, report that PSA at 1.4 ng/ml distin- 
guishes between two different clinical entities: men 
with true BPH and enlarged prostates; and men with 
bothersome symptoms but whosc prostates are normal 
in size. Moreover, these authors reported that higher 
PSA levels predict future worsening symptom-severity, 
as well as future prostatic growth, identifying those 
men with potentially more progressive BPH attended 
with worsening symptoms, worsening uroflow rates, 
and increased risks of acute urinary retention and the 
need for prostatic surgery. These authors state that 
patients with PSA levels of less than 1.4 ng/ml are 
likely to have smaller prostates and little chance of pro- 
gressive symptoms and much lower risks of acute 
retention and the need for BPH related surgery. 

Finasteride offers a new dimension to the armamen- 
tarium of the urologist in the management of BPH— 
prevention—the ability to block the progression of 
what is now known to be a progressive disease 
attended with its significant future adverse events. This 
ability to alter the natural history of BPH is finas- 
teride’s greatest attribute. 

Which family of medical therapies is best? Alpha- 
blockers can provide rapid symptom-relicf in most men 
and arc cffcctive in men irrespective of prostate 
volume. Yct, the long-term effectiveness and durability 
of these agents has been documented in but a scant 
number of patients. There exists no data to demon- 
strate that alpha-blockers prevent progression of BPH. 
Finasteride, on the other hand, is suitable only in those 
men with prostate glands of 40 ml or greater, and men 
with PSA levels of 1.4 ng/ml or greater, where the drug 
has been shown to reduce transition zone volume, 
block future BPH growth, and reduce the risk rate of 
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acute urinary retention and the need for surgery. 
Combination therapy using both alpha-blocker and 
finasteride provides the advantages of rapid onset of 
symptom relief associated with the prevention of future 
prostatic growth. However, this adds to the cost of 
therapy. 


Device therapies 


An array of ‘less invasive’ device therapics have 
evolved. All have the same common denominator— 
destroying and reducing the volume of prostate 
adenoma through the delivery of heat. They differ in 
the means of that delivery. Prostate treatment tempera- 
tures below 45°C (hyperthermia) are unassociated with 
tissue destruction and, according to Abbou and co- 
workers, are of no clinical benefit (68). 


Lasers 


Coagulation (free beam) laser prostatectomy 
(VLAP) 


This technique has been described by Kabalin (69). It 
brings about coagulation of prostate tissue and its 
overlying urothelium through the creation of multiple 
coagulated ‘lesions’. The necrosed tissue must then 
slough causing variable degrees of post-operative 
difficulties, including urinary retention, dysuria, and 
urinary infection. Nevertheless, in a multi-centered trial 
of the YAG laser prostatectomy by Kabalin and co- 
workers (70), 1-ycar post-treatment outcomes revealed 
mean reductions of 60% in AUA symptom indices, 
105% increase in uroflow rates, and a 38% reduction 
in residual urine volumes with no mortalities, a serious 
complication rate.of only 3.8%, and a 1-year re- 
operation rate of 2.7%—results challenging those 
achieved with TURP and with a much lower morbidity 
rate and equal re-operation rate. 

Jung and co-workers (71) in a perspective, random- 
ized trial of VLAP versus TURP, reported that sympto- 
matic improvement occurred in all men. However, 
while urodynamically documented pre-operative 
obstruction was relieved in all TUR patients, it was 
relieved by VLAP only in those men with prostate 
volumes less than 50 ml, prompting these authors to 
limit VLAP to glands less than that size. long-term 
outcome reports are rare. Kabalin (72) reported a 3- 
year follow-up on a serics of 227 men but only 10 of 
these had complete 3-ycar data. 


Contact laser vaporization of the prostate 


A technique described by Gomella (73) creates, 
through its vaporization of prostate tissue and its over- 
lying urethral epithclium cavitation defects similar to 
those created by TURP, thus, theoretically avoiding the 
morbidity associated with the tissue sloughing of 
VLAP. The operative time to cavitate the prostate 
tissue becomes a factor in larger glands, again limiting 
this technique to glands below 30 to 50 g (73). Yet, 
Gomella reports that serum fluid shifts and blood loss 
with laser vaporization technique are less than those of 
TURP (74). In a perspective, randomized trial of vapor- 
TURP, Ekrengren (75) reported 
significantly less intra-operative blood loss, fluid reab- 
sorption, and greater cardiovascular stability with laser 
vaporization than with TURP. Outcomes studies for 
the vaporization technique are scant. None report out- 
comes beyond several months. Results appear to be 
similar to VLAP with lesser immediate post-operative 
dysuria and retention (76). Both VLAP and the evap- 
oration techniques require gencral or regional 
ancsthesia. 


ization versus 


Interstitial laser coagulation (ILC) 


This technique has been described by Muschter (77). 
By insertion of the laser bundle through the prostatic 
urothelium into the adenoma, prostatic urothelium is 
spared. The concept is that post-operatively the coagu- 
lated adenoma is reabsorbed rather than sloughed, 
therefore, reducing morbidity. Twelve-months out- 
comes data reported by Muschter (77) using the 
Nd:YAG laser revealed a mean AUA symptom index 
reduction from pre- to post-operative of 25.4-6.2 and 
an increase in Q-max of 7.7-17.6 ce/s. Schettini and 
co-workers (78) reported 12-months outcomes using 
the Indigo-diode laser with mean AUA indices reduc- 
tions of 22.6-9.2 and mean increases in Q-max from 
7.9 to 15 ccfs. Similar 12-months outcomes are 
reported by Arai and co-workers (79): mean AUA 
symptoms indices reductions from 20.4 to 7.4 and 
mean Q-max indices from 7.4 to 11.1 cc/s. Its advo- 
cates report the procedure can be performed under 
topical and local anesthesia with analgesia supplement. 

Laser prostatectomy is being performed far less fre- 
quently in the interval between American Urological 
Association Gallup Poll surveys of American urologists 
in 1994 (80) and 1995 (75). Overall, the laser tech- 
niques (VLAP, vaporization and ILC) yield outcomes, 
at least in the short term, approach but do not cqual 
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Table 5.1 Transurethral microwave thermotherapy outcomes 
. Symptom score Q-max {cec/s) 
Patients 

Study (no) Baseline 12 months Baseline 12 months 
Prostatron 2.0 

Blute 150 13.7 5.4 8.5 11.3 

Devone 818 13.3 3.5 8.8 12.6 
Prostatron 2.5 

de la Rosette 116 17.5 7.1 9.6 14.5 

de Wildt 85 17.6 8.0 9.4 14.9 
Targis T3 

Ramsey 154 20.1 8.8 9.3 13.4 

Mayer 110 20.8 10.0 7.8 11.6 


those achieved with TURP. Complications aside from 
prolonged catheter drainage arc less with the laser ther- 
apies than associated with TURP. Longer term out- 
comes and data concerning the need for repeat surgical 
intervention or repeat medical therapy following laser 
therapy are currently lacking. Until such data, espe- 
cially those dealing with durability, are available, the 
ultimate role of laser is unclear. 


Thermal therapy (TUMT) 


At writing, two devices are currently approved for usc 
in the United States by the Food and Drug 
Administration (FDA): the Prostatron (EDAP 
Technomed) using the 2.0 software and the Targis 
System (T3-Urologix). The Prostatron uses monopole 
antennae and, because of the wavelengths employed, 
requires shielding of the room in which therapy is 
given. The Targis antennae is dipolar and requires no 
room-shielding. Both techniques employ concurrent 
urethral cooling during therapy (81). Larson (82) com- 
pared the Prostatron and Targis antennae in an in vitro 
study using tissuc-equivalent phantoms. He felt the 
Targis antennac provided a more targeted heating 


pattern and had a more cfficient rhermal-energy deliv- 
ery. The study raised the possibility that these proper- 
ties could translate into clinical advantage in vivo. 

Twelve-months outcomes for Prostatron 2.0, 
Prostatron 2.5, and Targis (T3) are compared in 
Table 5.1. Comparison of Prostatron 2.0, Targis (T3), 
and Donier Urowave versus Sham is depicted in 
Table 5.2. Trials comparing TUMT and TURP have 
been reported by Dahlstrand (83) and d’Ancona (84) 
(Table 5.3). Although TUMT achieves significant 
symptom improvement, at 12 months it is less than 
that achieved with TURP. Uroflow rates after TUMT 
are significantly inferior to TURP. In a perspective, ran- 
domized trial of Prostatron 2.5 versus TURP utilizing 
urodynamics pre- and post-operatively, Ahmed (85) 
found that all urodynamic parameters improved 
significantly in their TURP patients. TUMT patients 
experienced a mean reduction in AUA symptom indices 
from 18.4 to 5.2, but none of their objective 
urodynamic variables improved. 

Long-term outcome studies are rare but two deserve 
attention. Hallin and Berlin (86) reported on 
Prostatron 2.0 and found only 23% of men werc 
satished at 4 years after therapy and that two-thirds 


Table 5.2 Transurethral microwave thermothcrapy versus SHAM 


Symptom score Q-max (ce/s) 
. f TUMT SHAM TUMT SHAM 
Patients Follow-up 

Study (no) Month PRE POST PRE POST PRE POST PRE POST 
Nawrocki 

(Prostatron 2.0) 120 6 19.0 9.5 17.5 9.5 8.8 9.4 9.9 9.5 
Blute 

(Targis T3) 111 6 20.3 10.8 23.0 17.3 7.9 11.9 7.5 9.4 
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Table 5.3 Transurethral microwave thermotherapy vs TURP 


Symptom score 


: TUMT 
Patients Follow-up 
Study (no) Month PRE POST 
Dahlstrand 
(Prostatron 2.0) 69 12 12.1 2.2 
D’ Ancona $2 12 18.3 5.7 


required supplemental BPH treatment. Kcijzers and co- 
workers (87), also reporting on Prostatron 2.0, found 
that 41% of their cohort of 231 patients required post- 
TUMT invasive pretreatment and that 17% were 
retreated with medication during the 5-year follow-up 
after TUMT. Baseline prostate volume did not modify 
these outcomes. These two studics do not in themselves 
establish a lack of durability of TUMT, but they do 
establish the need for more long-term data before 
judgement can be made regarding the role of TUMT in 
the armamentarium of BPH therapies. 


Transurethral needle ablation of the prostate 
(TUNA) 


TUNA technique has been described elsewhere (88). 
Low-level radiofrequency energy is delivered into 
prostate adenoma by shielded needles inserted through 
the prostatic urothelium into the adenoma. 
Deployment of the needles is determined by prostate 
volume guided by transrectal ultrasound. The number 
of ‘lesions’ of coagulation is again dependent upon 
prostate volume. Zlotta and co-workers (89) studied 
the pathology specimens removed by open prostatec- 
tomy on 10 men who 1-46 days before had received 
TUNA therapy. Examination revealed severe thermal 
damage and de-intervation of alpha receptors and 
sensory nerves in the TUNA-treated areas, prompting 
these authors to suggest that this could be an explana- 
tion for the clinical effects of TUNA. In a randomized 
trial of urodynamically proven obstructed men to 
TURP versus TUNA, Mostafid and co-workers (90) 
found that both treatments significantly reduced symp- 
toms. While the TURP group at 6 months had statisti- 
cally significant reductions in detrusor pressure at 
Q-max, the TUNA group had clinically irrelevant 
improvement in obstruction. Long-term outcome data 
for TUNA are scant. Schulman (91) reported 3-year 
data on 48 men. AUA symptoms indices were reduced 
from a mean of 21.6 to 8.5 at 3 years, Q-max 


Prostate cancer 


Q-max (cc/s) 


TURP TUMT TURP 
PRE POST PRE POST PRE POST 
13.6 0.6 8.6 12.6 8.6 18.9 
16,7 3.5 10.0 16.9 9.3 18.6 


increased from 9.9 to 16.9 ml/s. All authors reporting 
on TUNA describe complication rates well below those 
experienced with TURP. 


Surgical therapy 


Long-term outcome studics of TURP report over- 
whelming symptom relicf. AHCPR guidelines (3) 
report a global subjective median probability of 
symptom improvement after TURP of 88%. Further, 
TURP achieves an 80% decline in pre-operative to 
post-operative symptom score. Malone (92) in a 5-8- 
year follow-up study in the United Kingdom, found 
that of those men presenting pre-operatively with 
urinary retention, 93% were asymptomatic post-opera- 
tively, whereas only 76% of elective symptomatic 
patients were asymptomatic post-operatively. Fowler 
(93), in a study of patients’ perception of post- 
operative TURP results, reported that of those men 
presenting pre-operatively with urinary retention or 
severe symptoms, 93% experienced improvement, 
whereas those with only moderate symptoms pre-oper- 
atively experienced a 72% improvement, leaving 15% 
unchanged and 6% worse. Fowler found the same 
pattern of improvement in quality-of-life indices. These 
data contain a valuable lesson in patient selection. 
TURP works best in those patients who necd it most. 
Moreover, Barry and co-workers (94) found that 
TURP does not lengthen life. In their outcomes study 
comparing the course of men undergoing immediate 
TURP versus those managed with watchful waiting, the 
TURP group experienced a l-month loss of life 
expectancy. These data call into question the concept 
that early prostatectomy lengthens life by avoiding sub- 
sequent urinary complications and the risks associated 
with deferring surgery to a time when the patient is 
older and a poorer operative candidate. 

The selection of the type of surgical intervention 
should be based upon prostate-gland configuration, 
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patient desires, and the surgeon’s experience and pref- 
erence. Of all prostatectomies performed for BPH 
under the Medicare program in the United States, 93% 
are done transurethrally (95). Mebust (96) found that 
of 3885 TURPs, 37% produced 10 g or less of tissues 
and 65% produced 20 g or less. Citing comparable 
outcomes, fewer complications, fewer bladder neck 
contractures, shorter hospitalization, and lower costs, 
Orandi (97), Soonwalla (98), and Sirle (99), favor 
transurcthral incision of the prostate (TUIP) for glands 
of less than 30 g in size. Given its higher morbidity, 
greater length of hospital stay, and lack of patient 
acceptance, open prostatectomy currently is reserved 
for those cases where a co-existing bladder disorder is 
corrected at the same time of prostate surgery, for 
those glands exceeding the volume with which the 
resectionist feels comfortable, and for those few men 
with orthopedic disorders preventing their placement in 
a dorsal lithotomy position. The reported series of 
open prostatectomy for BPH are very dated, with few 
recent studies. Mortality and morbidity comparisons to 
current TURP and TUIP data are, thus, unreliable and 
unfair. 

There are obvious limits to the volume of prostate 
adenoma that can be resected by TURP in a safe inter, 
val of time. There is no established maximum duration 
of time but intervals beyond 1 h should probably be 
avoided. This constraint will then affect how much 
tissue the urologist can resect, which will vary greatly 
depending upon the surgeon’s training, experience, and 
expertise. Safety and prudence should compel urolo- 
gists to honestly recognize their resection limitations 
and confine TURP to these. Current concepts in the 
technique of open prostatectomy for BPH (100), TURP 
(101), and TUIP (102) are described elsewhere. 


Transurethral electrovaporization of the 
prostate 


Transurethral electrovaporization of the prostate is a 
modified form of TURP and is described elsewhere 
(103). The standard resectoscope loop used in TURP is 
replaced with a variety of commercially available roller 
balls or a thick wedged-shaped loop through which 
cutting current, much greater than that used for routine 
TURP, is delivered. Vaporization and desiccation 
removes tissue with reduced bleeding. The technique’s 
similarity to that of TURP, so familiar to all urologists, 
provides an easy learning curve. Kaplan and co- 
workers (104) reported mean AUA symptom indices 
reductions from 17.8 to 5.9 at 12 months and mean 


Q-max increases from 7.8 to 17.5 in 33 patients. Of 
these, 96% had their catheters removed at 24 h and 
were discharged home in one day. The authors 
reported no adverse affect on erectile dysfunction but 
92% of patients had retrograde ejaculation. However, 
long-term outcomes remain unavailable. 


Conclusions—which therapy 
should be chosen? 


Which of the array of available therapics is best? A 
review of the literature based upon documented urody- 
namic outcomes of therapies prompted Bosch (105) to 
establish the following rank order of urodynamic 
efficacy in relieving obstruction—from the most 
efficient to the least: open prostatectomy, TURP, TUIP, 
laser, alpha-blockers, TUMT, androgen deprivation 
and, finally, placebo. The rank order of the respective 
risks, harms, and complications of these therapies are 
exactly the same. While open prostatectomy is most 
effective, so are its mortality and morbidity the 
highest—and so down the list. Patients are interested in 
symptom relief. They cannot appreciate, nor are they 
concerned about, urodynamic results. Many men are 
willing to accept a lesser outcome of symptom relief 
whilc assuming less risk and avoiding surgery. The 
final decision must rest with the patient who has been 
informed by his urologist of the currently available 
therapies, their probability of symptom relief, and their 
various harms and risks. 
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Cancer 


Ibrahim Barista 


Epidemiology 


Prostate cancer (PC) is the most common malignancy 
and second cause of cancer death in American men. It 
is estimated that there would be 179 300 new cases and 
37000 deaths from PC in the United States (US) in 
1999, and that a man has a 1/6 chance of developing 
PC during his lifetime (1). PC predominantly affects 
elderly men whose life expectation is short and who are 
likely to be afflicted by other potential fatal conditions. 
Many with asymptomatic disease may die from other 
causes before they need symptomatic treatment. 

There has been a striking rise in PC incidence over 
the past two decades. This can be attributed to several 
factors, including an increase in the use of prostate- 
specific antigen (PSA) screening, a hcightened awarc- 
ness of PC, and possibly an increased life expectancy 
(2). The data suggest that rather than a true increase in 
the prevalence of PC, we may be diagnosing morc cases 
from the pool of men with latent, previously unsus- 
pected disease, and that these diagnoses occur at an 
carlicr, more localized stage of the disease process (3). 
In contrast to the prevalence of the disease, the age- 
adjusted mortality has increascd at a much slower 
pace. 

The incidence and mortality rates for PC vary widely 
between different populations, with very low rates in 
the Far East, moderate rates in southern and Western 
Europe, and very high rates in northern Europe and the 
United States of America (USA). PC is much more 
common in developed than developing countries. There 
is a 70- to 80-fold range of incidence in the world, 
from about 3 per 100000 among Asians in the Far 
East to over 200 among African-American men in 
USA. 

The clonal growth of partially transformed cells 
results in morphologically identifiable premalignant 
lesions, termed prostatic intra-epithclial neoplasia 
(PIN). Autopsy studies reveal that PIN precedes the 


development of carcinoma by 10 years or more (4). 
These lesions are usually detected following prostate 
surgery, which is most frequently performed for the 
treatment of benign prostatic hyperplasia (BPH), a 
common condition among elderly men. In a worldwide 
comparative autopsy scries, Breslow et al. reported on 
latent carcinoma in seven areas namely, Hong Kong, 
Singaporc, Sweden, Germany, Jamaica, Israel, and 
Uganda (5). The lowest relative frequencies were 
observed for Chinese in Hong Kong and Singapore. 
Intermediate prevalences were observed for Israelis and 
black Ugandans. The prevalence was highest for 
Caucasians in Sweden and Germany, and for black 
Jamaicans. The frequency of small latent carcinomas 
was 12.3% in all areas investigated and did not vary 
with age. Rates with larger carcinomas increased 
sharply with age and showed an area-to-area variation 
resembling that of clinical carcinoma. In a similar 
autopsy scries, there was no consistent trend in latent 
non-infiltrative type tumors, related to race or age (6). It 
is likely, therefore, that genetic predisposition facilitates 
the role of environmental factors acting in the second 
(or promotion) phase of carcinogenesis, according to 
the multi-step theory of cancer development (7, 8). 


Etiology and risk factors 


Risk factors for PC include age, race, positive family 
history, dictary fat intake, and vasectomy (9). Indecd, 
there are many others being investigated. It should be 
remembered, however, that PC most likely results from 
interplay between these factors, rather than being 
caused by a single factor alone. 


Age 


Age is the most important risk factor. PC rarely occurs 
in men under age 40, and it reaches a peak in the 
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eighth decade. It is well established that a large pro- 
portion of older men harbor indolent prostate cancers 
of no threat to their health. Autopsy studies show that 
60-70% of men over 80 years old have some histo- 
logic evidence of cancer in their prostates (9). 
Different lines of evidence suggest that the initiating 
events in PC appear very early during life. Men in 
their 30s and 40s have a high incidence of small foci 
of cancer or PIN, whereas older men have larger 
lesions, implying a stepwise progression (10). It is 
speculated that the initiating event in PC occurs at 
puberty during the abrupt and massive increase of 
steroid hormone production (11). 


Race 


A number of epidemiologic studies have demonstrated 
striking racial differences in PC incidence and mortal- 
ity. Despite marked improvements in the diagnosis and 
treatment of PC, racial differences in incidence and 
mortality have shown little change (12). A study from 
the National Cancer Institute based on the data 
extracted from the Surveillance, Epidemiology, and 
End Results Program (SEER), as well as census data, 
reveal that African-American men living in the US have 
a higher incidence rate of clinical PC than do white 
men of similar education and socio-economic classes 
(13). Critical analysis does not support the hypothesis 
that socio-economic status can account for the racial 
differences observed in PC. 

The most recent cancer statistics from the American 
Cancer Society suggest a stage for stage survival advan- 
tage for white men over African-American men (1). 
These statistics show an overall 5-year relative survival 
of 95% for white men versus 81% for African- 
American men. There is no evidence that African- 
American men arc treated differently than white men. 
Therefore, racial differences in PC survival, at least in 
part, may reflect differences in tumor biology (12). 

It is well established that the incidence rate of PC 
among Japanese in the US is higher than that among 
Japanese in Japan, although the rate observed among 
the migrants is still low compared with that among 
whites in the US. This implies that lifestyle characteris- 
tics may play a major role in prostatic carcinogenesis. 
However, Shimizu and associates demonstrated that a 
major part of this difference is again due to different 
detection strategics for PC between populations, and 
the true difference in the incidence is much smaller (on 
the order of only 2-3-fold) (14). 


Family 


Several studies have reported that male first-degree rel- 
atives of an affected man are two to three times more 
likely to develop PC, compared with men in the general 
population (15-17). Gronberg et al. demonstrated a 4- 
fold increased positive concordance rate in monozy- 
gotic twins when one of them had PC (18). This finding 
provides further support for a genetic predisposition in 
the pathogenesis of PC. 

True hereditary PC is a rare disorder (about 9% of 
PCs) and was first described by Carter et al, in 1992 
(19). The diagnostic criteria included the presence of 
more than three affected family members in three suc- 
cessive generations, or two family members who devel- 
oped the diseasc before age 55 years. Based on data 
from a recent large population-based cohort study, 
Gronberg and co-workers recommend that men with at 
least two close relatives with PC should undergo testing 
for PSA and a digital rectal cxamination annually 
berween the ages 50 years and 70 years, ages at which 
patients are usually offered curative treatment for 
localized tumors (20). 

Three independent segregation analyses from the 
USA and Sweden have shown an autosomal dominant 
inheritance mode of hereditary PC (19-22). According 
to these studies, the frequency of susceptibility gene in 
the population is 0.3-1.67%, and the risk of PC by age 
85 years is 63-89% among carriers of the gene, and 
3-5% among non-carriers. Because hereditary PC is an 
autosomal trait, women may transmit the deleterious 
allele to their sons. Thus, simple questioning for a 
family history of PC in the father and paternal uncles 
of a patient is not sufficient. One must recognize the 
possibility of maternal transmission and extend the 
pedigrec to maternal uncles, cousins, and grandparents. 
An early age at onset of PC within the pedigree should 
increase one’s awareness of the possibility of hereditary 
PC. Moreover, clustering of PC has also been reported 
in more distant relative pairs, such as 
grandfather-grandson, uncle-nephew, first cousins and 
second cousins (23). 


Chromosomal alterations 


As with other malignancies, much work has been done 
to identify the operative molecular events in PC. 
Classical cytogenetic analysis is limited by the low 
mitotic rate and poor growth of PC cells, the 
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overgrowth of fibroblasts, and the poor morphology of 
metaphase spreads (24). Despite these difficulties, 
various marker chromosomes have been detected. 


Loss of heterozygosity 


Loss of heterozygosity (LOH) involving specific chromo- 
somes has been demonstrated in PCs. These studies imply 
the existence of multiple potential tumor-suppressor 
genes that may contribute to the pathogenesis of PC (25, 
26). Carter et al. studied allelic loss in PC using polymor- 
phic DNA probes for chromosomes that contain docu- 
mented and putative tumor-suppressor genes (3p, 7q, 9q, 
10q, 11p, 13q, 17p, 18q) (27). The majority (61%) of 
the tumors exhibited allelic loss on at least one of the 
chromosomes examined. The regions most frequently 
deleted were found on the long arms of chromosomes 10 
and 16. High rates of loss of alleles on chromosome 8p 
were also reported in these tumors (28, 29). 


Tumor-suppressor genes 


The retinoblastoma (Rb) gene product, which functions 
to suppress cell division by preventing cells in the G1 
phase of cell division from entering the $ phase, has 
been implicated in PC (30-32). It is estimated that 
20% of PCs possess Rb mutations, and this number 
could increase due to the LOH on chromosome 13 
involving the Rb locus. 

The reported incidence of p53 in localized PC varies 
considerably, ranging from zero to 80%. Although 
most early studies suggested infrequent p53 gene alter- 
ations in early-stage PC, increasing evidence is mount- 
ing to suggest that loss of p53 tumor-suppressor 
function may be an important step in discase progres- 
sion (33). 

The loss of the long arm of chromosome 10 is 
detected in 30-60% of PCs (27, 34, 35). A new tumor- 
suppressor gene PTEN/MMACT, was isolated recently 
at 10q23 and mutations were detected in PC cell lines 
(36). Cairns and associates screened 80 prostate tumors 
by microsatellite analysis and found chromosome 
10q23 to be deleted in 23 cases (35), PTEN/MMAC1 
may be an important tumor-suppressor in PC, and the 
inactivation of PTEN/MMAC1 may be an important 
secondary genetic event that contributes to PC progres- 
sion. 

Previous studies demonstrated that CD44, which is 
located on human chromosome 11 at p13, is a metasta- 
sis suppressor gene for PC. The expression of CD44 


both at mRNA and protein levels is down-regulated 
during PC progression, and this correlates with higher 
tumor grade, aneuploidy, and distant metastasis (37). 
In a recent study, hypermethylation of the CD44 gene 
was observed in 31 of 40 primary PC specimens, 3 of 4 
distant organ site metastases, and 4 of the 40 matched 
normal tissues (38). 


Proto-oncogenes 


The up-regulation of bcl-2 protein is one of the key 
alterations observed in androgen-independent PC. The 
expression of bcl-2 may confer growth advantage to 
PC cells, as well as resistance to therapeutic cell death 
induction (26). 

PCs have been shown to express higher amounts of 
c-myc compared with normal prostate tissue of benign 
prostatic hyperplasia (39). 

It is generally accepted that structural or numerical 
alterations of ras genes at DNA level are rare in PC. A 
study in the US showed that the frequency of ras muta- 
tions were low (4%) but, when they did occur, they 
were associated with advanced metastatic disease (40). 
In contrast, Anwar and associates suggested that ras 
gene mutations occur at significant frequencies (24%) 
in clinically diagnosed PC (41). The latter study exam- 
ined prostatic tissue from Japanese men, raising the 
possibility that significant differences may exist in 
genetic events associated with PC in American men 
versus Japanesc men. 

No amplification has been found for c-sis and c-fos 
genes in PC, suggesting altered regulation at the tran- 
script level in cells overexpressing the protein (42). 
Likewise, the data on Her2/neu expression in PC are 
controversial (42). RET appeared to be overexpressed 
in high-grade PIN and PC when compared with its 
expression level in benign prostatic secretory epithe- 
lium (43). 


E-cadherin and alpha-catenin 


E-cadherin, the product of the gene on chromosome 
16q22, is a cell-adhesion molecule that has a role in the 
growth and development via mediation of cell-to-cell 
interaction. Using immunohistochemistry, a correlation 
berween decreased E-cadherin expression and metasta- 
tic progression was demonstrated (44). Preliminary 
results suggest that LOH in this region occur in 
approximately 25% of PCs analyzed (25). 


56 Prostate cancer 


Other cell-adhesion molecules 


Based on the finding of E-cadherin gene losses and 
reduced expression, an interest has focused on other 
cell-adhesion molecules that could play a role in 
Prostate tumorigenesis. Hsieh and co-workers demon- 
strated that expression of C-CAM1, an immunoglobu- 
lin-like cell-adhesion molecule (CAM), was diminished 
in both PIN and cancer lesions (45). A subsequent 
study of the same group indicated that the intracellular 
domain of the C-CAM1 molecule is critical for inhibit- 
ing the growth of PC, suggesting that C-CAM1 interac- 
tive protein(s) may dictate prostate carcinogenesis (46). 


HPC1 (hereditary prostate cancer 1) gene 


A familial PC gene, responsible for about 5-10% of all 
PCs, has been mapped to chromosome 1(1424-25) (47, 
48). The HPC1 locus appears to increase the risk of 
early-onset PC (48). 


BRCA (breast cancer-associated) genes 


An increased risk of PC has also been observed in the 
relatives of breast cancer patients in several population- 
bascd studies (15, 49). Genetic epidemiologic data have 
suggested that some cases of PC could be linked to 
breast canccr-associated genes BRCA1 (50-53) and 
BRCA2 (53, 54). According to the available informa- 
tion, it appears that contribution of germline BRCAI 
or BRCA2 mutations to overall incidence of PC is very 
small (55). 


Androgens me 


Males who have diminished androgen production due 
to castration, hypogonadism, or enzyme defects of 
androgen metabolism (e.g. 5a-reductase) have minimal 
risk for PC (3, 9, 56). A prospective cohort study 
revealed that high plasma levels of testosterone before 
diagnosis were associated with increased risk of PC, 
and an inverse trend was seen with levels of sex 
hormonc-binding globulin (SHBG) (57). 

Ross and co-workers demonstrated that young 
African-American men have higher circulating testos- 
terone level than their white counterparts and sug- 
gested that these higher androgen levels could promote 
cancer growth, leading to the observed higher rates of 
cancer in African-American men (58). The same inves- 
tigators compared serum testosterone concentrations in 


young adult Japanese men with those of young adult 
whites and African-Americans in the US, but found no 
significant differences. However, these white and 
African-American men had significantly higher values 
of 3a, 178 androstancdiol glucuronide (31% and 25% 
higher, respectively) and androsterone glucuronide 
(50% and 41% higher, respectively) than Japanese sub- 
jects. These rwo androgens are indices of Sa-reductase 
activity. Their results raise the possibility that reduced 
S5a-reductase activity has a role in producing the low 
PC incidence rates among Japanese (59). 

Hill and colleagues measured urinary steroid levels 
of African-American and North American white men 
compared with those of black South African men and 
discovered lower levels of urinary androsterone and 
testosterone in the latter group (60). African-American 
and white men in North America, however, had similar 
urinary androgen levels. These urinary hormone levels 
were found to be dict-dependent. When South African 
black men were fed a Western diet, isocaloric with 
African diet but supplying 40% of calories from fat 
and 70% of protein from animal resources, their 
urinary estrogen and androgen levels increased 
significantly. Conversely, African-American and North 
American white men, when fed a vegetarian diet, 
showed a decrease in urinary estrogen and androgen 
levels (60). This study suggests that dietary factors may 
modify the testicular hormone activity. 


Androgen receptor 


The androgen receptor (AR) gene resides on the long 
arm of the X chromosome and belongs to the super- 
family of ligand-dependent transactivation factors. It 
appears that AR genc alterations in PCs are much more 
frequent than originally suggested. These genetic 
defects include point mutations, variations in the length 
of trinucleotide repeats, or gene amplification (61-63). 
Schoenberg et al. described a patient with metastatic 
disease with 24 CAG repeats (that encode polygluta- 
mine region of AR) in this region of the AR gene from 
normal tissue, but a mixture of 24 CAG and 18 CAG 
in the AR gene from the tumor tissue (61). A series of 
epidemiologic studies have suggested that the increased 
risk of developing PC in African-Americans is related 
to a reduced frequency of CAG repeat numbers in this 
population (64-68).-A shorter glutamine-repeat length 
predicts for a higher risk, higher grade, and more 
advanced stage of PC at diagnosis, and for earlier onset 
of disease (66, 67, 69, 70). 
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SRDSA2 (steroid 5a-reductase type II) gene 


The human SRDSA2 gene, located on the short arm of 
chromosome 2, encodes the type II steroid Sa-reduc- 
tase, which converts testostcrone to a morc bioactive 
compound, dihydrotestostcrone. Reichardt and co- 
workers examined the distribution of a dinucleotide 
repcat in low-risk Asian Americans, high-risk African- 
Americans, and intermediate-risk non-Hispanic whites 
(71). They found this marker to be more polymorphic 
than previously reported, with some alleles being 
specific to African-Americans. In a subsequent study, 
the same group analyzed SRDSA2 gene for mutations 
(72). They reported one amino acid substitution, V89L, 
which replaced valine at codon 89 with leucine. This 
common and panethnic substitution was a ‘germline’ 
DNA polymorphism, and it reduced in vitro steroid 
Sa-reductase activity. This substitution was particu- 
larly common among Asians and may explain the low 
risk for PC in this population. 


Growth factors 


Many PC cells express growth factors and their receptors 
that are not produced by normal prostate epithelium. 
These factors include insulin-like growth factor (IGF) -I 
and -II, epidermal growth factor (EGF), transforming 
growth factor (TGF)-a, keratinocyte growth factor 
(KGF), fibroblast growth factor (FGF), and others. These 
factors are important in the stromal cpithelial cross-talk. 
Some of these factors stimulate (c.g. bFGF) (73) whereas 
others repress (e.g. TGF-B) (74) epithelial cells with 
respect to growth, differentiation, and apoptosis. 

A strong positive association was observed between 
IGE-I levels and PC risk (75). This association was 
independent of bascline PSA levels. KGF, also known 
as FGF-7, seems to have a dual role as a growth factor 
and a differentiating agent. A scrics of reports sug- 
gested aberrant expression of KGF or its receptor in the 
development and progression of human malignancies, 
including PC (76). Interestingly, it has been shown that 
in early stages, PC cells start to produce their own 
KGF, which could be a growth advantage. However, in 
later stages, the KGF receptor is not expressed anymore 
on these cancer cells (77). 


Prostate-specific antigen (PSA) 


Studies have suggested that PSA may serve to modulate 
IGF function in prostate cancer by blocking the interac- 


tion between IGF and its binding protein, insulin-like 
growth factor-binding protein (IGFBP) (78, 79). In 
addition to its role as an indicator of PC, PSA may also 
inhibit the growth of blood vessels associated with 
cancer progression; however, when PC progression 
occurs in spite of elevations of PSA, the local angio- 
genic stimulators overcome the effects of PSA and 
dominate (80). 


Dietary factors 


Fat 


The ecologic studies have shown strong positive corre- 
lations between PC incidence and per capita fat con- 
sumption (81, 82). Armstrong and Doll found that the 
PC mortality in 32 countries was highly associated 
with total fat consumption, a finding similar to that for 
breast cancer (83). Subsequent studies showed a posi- 
tive association between some component of animal fat 
and risk for PC (84, 85). The relatively higher rates 
observed among Japanese who have migrated to US 
suggest that dietary factors play an etiologic role in the 
occurrence of PC. African-Americans may also have a 
higher intake of dietary fats and this may contribute to 
PC promotion (86). 

Most casc-control studies (86-96) of dietary fat and 
PC have found positive associations (86-94) (Table 6.1). 
However, two case-control studies have failed to 
confirm this finding (95, 96). Cohort studies (97-104) of 
dietary fat and PC have been less consistent. 
Observations on Seventh-day Adventists (97, 98), in 
Japanese who live in Hawaii (99), and Lutheran men 
(100), have also revealed weak associations or no associ- 
ations with animal products. A study of US male health 
professionals (101) observed an association between 
high-grade/advanced PC and intake of saturated fat, par- 
ticularly from red meat, and a study of US male physi- 
cians (93) obscrved an association with consumption of 
red meat. There are many problems associated with the 
conduct and interpretation of retrospective dictary 
studies. For example, the accuracy of recall may be 
debatable in elderly patients, and the current or recent 
dict may be less relevant to a disease process which may 
have been initiated many years ago (105). 

Regarding the mechanisms of carcinogenesis, it has 
been postulated that dietary fat may lead to the 
increased production and bioavailability of sexual hor- 
mones. The promoting effect of a high-fat dict on 
carcinogenesis may also be the result of an accelerated 
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Table 6.1 Dietary fat and prostate cancer 


Author, year 
(reference no.) 


Graham 1983 
(87) 


Talamini 
1986 (88) 


Ross 1987 
(89) 


Ohno 1988 
(95) 


Kolonel 1988 
(90) 


Mettlin 1989 
(91) 


West 1991 
(92) 
Gann 1994 (93) 


Whittemore 
1995 (86) 


Andersson 
1995 (96) 


Viajinac 1997 
(94) 


Snowdon 1984 
(97) 


Mills 1989 (98) 


Severson 1989 
(99) 


Hsing 1990 
(100) 


Giovannucci 
1993 (101) 


Harvei 1997 (102) 


Veicrod 1997 
(103) 


Schuurman 
1999 (104) 


Study 
type 


Case-control 
Case-control 


Case-control 


Case-control 
Case-control 


Case-control 


Case-control 


Case-control 


Case-control 
Case-control 
Case-control 


Cohort 


Cohort 
Cohort 


Cohort 


Cohort 


Cohort 


Cohort 


Cohort 


Prostate cancer 


No. of cases/ 
controls 


260/260 


166/202 


284/284 


100/100 


452/899 


371/371 


358/679 


120/120 
1655/1645 


256/252 


101/202 


99/- 


180/- 
174/- 


149/- 


300/- 


141/- 


72/- 


642/- 


RR: relative risk; OR: odds ratio; CI: confidence interval. 


Source of fat 
(intake) 


Total fat 


Animal fat 


Mear 
Milk/dairy products 


Total fat 


Total fat 
Saturated fat 


Animal fat 
Milk 
Milk 


Total fat 


Red meat 
Saturated far 


Total fat 
Total fat 


Mear 


Eggs 
Cheese 
Milk 


Beef 


Saturated fat 
Total fat 


Meat 


Total fat 
Red meat 


Alpha-linolenic acid 
Palmicic acid 
Palmiroleic 

acid 


Total fat 


Skim milk 


Total fat 
Saturated fart 


Results, RR or OR (95% CI) 


2.04, Cl not given, P < 0.05 
2.99, CI not given, P < 0.01 


1.7 (1.0-2.8), P = 0.05 

2.5 (1.3-4.7), P < 0.05 

1.9, CI not given, P < 0.05, for 
blacks 

1.6, CI nor given, P < 0.05, for 
whites 


1.32 (0.76-2.32) 
1.70 (1.0-2.8) only for age 2 70 


1.26 (0.76-2.07) 

1.92 (1.05-3.50) 

2.49 (1.27-4.87) for frequent 
consumption 


2.9 (1.0-8.4), for aggressive 
tumors, only for age 2 68 


2.5 (0.9-6.7), P = 0.07 


2.8 (1.5-5.2) 
for aggressive tumors 


0.7 (0.4-1.1) 


1.95 (0.68-5.57) 


—- = 
A wu 


1. 

3.6 (when all four animal 
products were combined} 
1.21 (0.83-1.75) 


1.00 (0.68-1.46) 
0.87 (0.58-1.31) 


0.8 (0.5-1.3) 


1.79 (1.04-3.07), P = 0.06, 
2.64 (1.21-5.77), P = 0.02, 
both for advanced cases 


2.0 (1.1-3.6) 

2.3 (1.1-4.7) 

2.8 (1.5-5.1) 

for the highest quartiles of 
intake 


1.3 (0.6-2.8) for the highest 
quintile of intake 

2.1 (1.2-3.6) 

1.02 (0.95-1.09) 

1.09 (0.92-1.28) 
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formation of arachidonic acid and subsequently of 
prostaglandins (106, 107). 


Retinoids 


Vitamin A is a generic term for all substances that 
possess the biologic propertics of retinol. It may be 
ingested either as a preformed vitamin or as provita- 
min. These compounds are potent antioxidants and 
may exert a protective effect against epithelial tumors. 
Many studies have reported on the putative relation 
between vitamin A or B-carotene intake and PC. 


Table 6.2 Dietary vitamin A or B-carotene and prostate cancer 


Author, year Study No. of cases 
(reference no.) type controls 
Graham Case-control 260/260 
1983 (87) 

Ross Case-control 284/284 
1987 (89) 

Kolonel Case-control 452/899 
1988 (90) 

Ohno Case-control 100/100 
1988 (95) 

Mettlin Case-control 371/371 
1989 (91) 

West Case-control 358/679 
1991 (92) 

Whittemore Case-control 1655/1645 
1995 (86) 

Viajinac Case-control 101/202 
1997 (94) 

Cook Case-control 631/2204 
1999 (108) 

Paganini-Hill Cohort 93/- 
1987 (109) 

Hsing Cohort 149/- 
1990 (100) 

Giovannucci Cohort 7734- 


1995 (110) 


Unfortunately, there is no consistent evidence of pro- 
tection from PC. In a large population-based study, 
Whittemore et al. (86) failed to find any clear and con- 
sistent association berwcen PC and intake of vitamin A 
or carotenes or consumption of foods high in 
carotenoid content. Most other case-control studies 
have also yiclded controversial results (87, 89-92, 94, 
95, 108) (Table 6.2). The data from cohort studies 
(100, 109, 110) are cqually inconsistent, showing 
cither no association (109, 110) or a positive associa- 
tion (100). In two of these studies (90, 100) the effect 
was restricted to a certain age range. 


Results, RR or OR (95% CI) 


Source 
Vitamin A 1.64 (CI not given), for age < 70 

1.97 (Cl not given), for age 2 70 
Vitamin A 0.8, P > 0.05, for blacks 

0.9, P > 0.05, for whites 
Carorene 0.6, P > 0.05, for blacks 

1.0, P > 0.05, for whites 
Vitamin A 0.8 (0.5-1.3) for age < 70 

2.0 (1.3-3.1) for age > 70 
Carotene 1.0 (0.6-1.6) for age < 70 


1.5 (0.9-2.3) for age 2 70, 

for higher quartiles of intake 

2.86 (1.36-6.04), for age > 70, for 
low intake 

0.60 (0.37-0.99) 

0.30 (0.13-0.66), for age < 69, for 
high intake 


Beta-carotene 


Beta-carotenc 


Vitamin A 1.0 (0.6-1.7) for ages 45-67 
1.6 (0.9-2.7) for ages 68-74 

Carotene 0.8 (0.5-1.2) for ages 45-67 
1.4 (0.9-2.4) for ages 68-74 

Vitamin A RR not given, 
no association 

Retinol 0.69 (0.50-1.24) 

Retinol 1.64 (1.01-2.67) 

equivalent 


B-Carotene 0.68 (0.46-0.99) 


Total vitamin A 1.2* no association 


Carotene 1.0* no association 

Vitamin A 2.8 (1.4-5.8) for age < 75 
0.4 (0.2-0.9) for age ? 75 

Carotene 1.9 (1.0-3.7) for age < 75 


0.2 (0.1-0.6), for age ? 75 


Total retinol 1.13 (0.88-1.44) 
equivalent 

Retinol without 1.30 (1.03-1.66) 
supplements 


RR: relative risk; OR: odds ratio; CI: confidence interval. 
*Calculated from data provided in paper. 
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Observational epidemiological studies have indicated 
that individuals with diets high in fruits and vegetables, 
particularly those rich in B-carotene, are at lower risk 
of cancer, suggesting a role for B-carotene in the 
primary prevention of cancer. A recent nested case- 
contro! study indicated that B-carotene supplementa- 
tion may reduce risk of PC among those with low 
bascline levels (108). 


Vegetables 


Evidence of a protective effect of fruit and vegetables is 
weak and inconsistent (111). Increasing consumption 
of beans, lentils and peas, tomatoes, raisin, dates, and 
other dried fruit were all associated with significantly 
decreased PC risk (98). This may be explained by the 
fact that men on vegetarian or high-fiber diets have 
lower testosterone and plasma estradiol levels. Fibers 
excreted in feces may bind sex steroids, thereby lower- 
ing plasma levels by increased fecal excretion (3). 


Vitamin E 


There arc insignificant data on vitamin E to draw 
meaningful conclusions about its possible association 
with PC. Two studies suggest an inverse association. In 
the first study, the participants of the Alpha- 
Tocopherol, Beta Carotene Cancer Prevention Study 
Group (male smokers after 5-8 years of dictary supple- 
mentation) who received alpha-tocopherol had fewer 
cancers of the prostate and colorectum than those who 
did not receive alpha-tocopherol (112). In the second 
study, 50 mg of alpha-tocopherol per day—a moderate 
dose of the antioxidant vitamin E—reduced PC inci- 
dence by 32% and PC deaths by 41% in a group of 
male smokers in Finland (113). 


Micronutrients 


Micronutrient intake and PC risk have been the subject 
of several studies, but no consistent relationship has 
emerged (114, 115). 


Isoflavonoids/soy products 


Decreased PC risk has been found in Adventist men 
(98) who eat a lot of beans, lentils, peas, and some 
dried fruits (all sources of isoflavonoids), and in men of 
Japanese ancestry in Hawaii (99) who eat rice and tofu, 
a soybean product that contain isoflavonoids in large 


quantities. These observations had led Adlercreutz and 
associates to hypothesize that high phyto-estrogen 
levels may inhibit the growth of PC in Japanese men, 
which may explain the low mortality from prostatic 
cancer in that country (116). 

The Asian dict, and to a lesser extent, vegetarian and 
Mediterrancan diets, are not only low in fat, but also a 
rich source of plant estrogens. These phyto-cstrogens, 
lignans, flavonoids, and isoflavonoids may be protec- 
tive against PC as they are inhibitors of Sa-reductase 
and 178-hydroxysteroid dehydrogenase (117). 


Lycopene/tomato products 


Dietary consumption of the carotenoid lycopene 
(mostly from tomato products) has been associated 
with a lower risk of PC in several studies (98, 110, 
118). In a large prospective cohort study, Giovannucci 
and colleagues found that consumption of lycopene, a 
non-provitamin A carotenoid, was inversely related to 
PC risk, especially for aggressive disease (110). 


Selenium 


Glutathione peroxidase, an enzyme that protects cells 
from oxidative damage, is selenium-dependent. 
Recently, the efficacy of 200 ug/day of selenomethion- 
ine was evaluated in a placcbo-controlled intervention 
study of 1312 patients with non-melanoma skin cancer 
(119). There was a 3- to 4-fold lower incidence of PC 
among those who received the selenium (relative risk 
[RR] = 0.29, P < 0.001). 


Vitamin D and sunlight 


In 1990, Schwartz and Hulka first hypothesized that 
vitamin D deficiency is a potential risk factor for PC 
(120). The hypothesis was based on a series of related 
observations. First, the incidence of PC increases with 
age and the elderly are known to be vitamin D 
deficient. Second, there is a high incidence of PC in 
blacks who have a reduced capacity to produce vitamin 
D;. Third, is the increased incidence of PC in migrant 
Asians as they adopt a Western diet that contain less 
vitamin D, than they are accustomed to. 

There is evidence that ultraviolet (UV) radiation may 
protect against PC. An inverse correlation was shown 
between UV radiation exposure and PC (121). The 
countries with the highest death rates, namely, 
Denmark, Sweden, and Iceland, have low exposure to 
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UV light, as do patients living in northeastern parts of 
the USA where death from PC is the highest. The pro- 
tective effect of UV light may be mediated through 
vitamin D. Using a nested case-control design, Corder 
et al. (122) found that lower prediagnostic serum levels 
of 1,25-dihydroxyvitamin D (1,25-D), a vitamin D 
metabolite, were significantly associated with an 
increased risk of clinically detected PC, particularly in 
men with low levels of 25-dihydroxyvitamin D (odds 
ratio [OR] = 0.41). A subsequent nested case-control 
study (123), however, failed to support these findings. 
Miller and associates showed that the human PC cells 
express biologically active vitamin D; receptors (124). 
Additional preliminary evidence of a role of 
1,25(OH),D is that genetic polymorphisms of the 
vitamin D receptor gene, which may correlate with 
activity of the receptor, predict the risk of PC (68, 125). 
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In a study providing indirect support to these findings, 
higher consumption of calcium was found to be related 
to advanced PC, as it suppressed the formation of 
1,25(OH),D, and higher intake of fructose was found 
to be related to a lower risk of advanced prostate 
cancer, as it stimulated 1,25(OH),D production (126). 


Vasectomy 


Occlusion of vas deferens by surgical means is an 
important family planning method and is referred to as 
‘vasectomy’. There has been concern over a positive 
association between vasectomy and PC since the late 
1980s when Honda et al. first reported findings from 
their population-based case-control study (127). 
Regarding the pathogenetic mechanism, it has been sug- 


Table 6.3 Summary of findings on vasectomy and prostate cancer 


Author, ycar Study No. of Results 

(reference no.) type cases/controls OR/RR (95% Cl) 

Ross 1983 Case-control 110/110 0.5 (0.2-1.6)* 

(132) 

Honda 1988 Casc-control 216/216 1.4 (0.9-2.3) 

(127) 2.2 (1.0-4.8) for 20-29 ycars since vasectomy 
4.4 (0.9-21.0) for 2 30 years since vasecotmy 

Rosenberg Case-control 220/1531 3.5 (2.1-6.0) (cancer controls) 

1990 5.3 (2.7-10.0) (non-cancer controls). 

(129) no association with ycars since vasectomy 

Mettlin 1990 Case-control 614/2588 1.7 (1.1-2.6) 

(130) association with years since vasectomy 

Spitz 1991 Case-control 343/360 1.6 (1.1-2.3) 

(133) 2.2 (1.1-4.3) for 2 27 years since vasectomy 

Hayes 1993 Case-control 965/1292 1.1 (0.8-1.7) for whites 

(134) 1.6 (0.5-4.8) for blacks 
1.5 (0.8-2.7) for 2 20 years since vasectomy 
2.0 (1.0-4.0) for age < 35 

Hsing 1994 Case-control 138/638 2.0 (0.7-6.1) (hospital cancer controls) 

(131) 6.7 (2.1-21.6) (neighborhood controls) 

John 1995 Case-control 1642/1636 1.1 (0,83-1.3) 

(135) 

Zhu 1996 Case-control 175/258 0.86 (0.57-1.32) 

(136) 

Platz 1997 Case-conrrol 175/978 1.48 (0.80-2.72) 

(137) 

Sidney 1991 Cohort 135/- 1.0 (0.7-1.6) 

(138) no association with years since vasectomy 

Nienhuis 1992 Cohort 1/- 0.44 (0.1-4.0) 

(139) 

Giovannucci 1993 Cohort 96/- 1.56 (1.03-2.37) 

(140) Retrospective 1.89 (1.14-3.14) for 2 20 years since vasectomy 

Giovannucci 1993 Cohort 300/- 1.66 (1.25-2.21) 

(141) Prospective 1.85 (1.26-2.72) for 2 22 years since vasectomy 


RR: relative risk; OR: odds ratio; CI: confidence interval. 


* Cl not provided, and calculated from the tabular data in the article. 
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gested that vasectomy may increase the risk for PC 
because vasectomized men have higher levels of circu- 
lating testosterone. Alternatively, vasectomy may inducc 
anti-sperm antibodics, and an immunologic reaction 
may be responsible for elevation of PC rates (128). 

A number of case-control (127, 129-137) and cohort 
(138-141) studies have examined the association 
between vasectomy and PC (Table 6.3). The results of 
the case-control studies have been inconsistent: some 
studics have reported a positive association (127, 
129-131), one a negative association (132), others little 
or no association (133-137). Conflicting results have 
also been reported from cohort studies: Sidney et al. 
(138), and Nienhuis et al. (139) found no association 
between vasectomy and PC risk, while Giovannucci et 
al. (140, 141) found modestly increased relative risks. 

The risk of PC in relation to time since vasectomy 
and age at vasectomy have also been inconsistent 
(Table 6.3). Sidney et al. (138) found no difference in 
PC risk according to age at vasectomy. However, 
Hayes et af. (134), found that men who had been 
vascctomized at age 34 years or younger experienced a 
higher risk for PC, while men who had undergone a 
vasectomy at age 35 years or older did not have an 
increased risk. In contrast, Giovannucci et al. (140) 
reported an increase in risk for men who had a vasec- 
tomy at age 40 years or older. A major concern in the 
study of vasectomy and PC has been detection bias 
(135). Vasectomized men may be more likely to subse- 
quently visit a urologist, resulting in an increased 
chance of being diagnosed with PC (142). In summary, 
the association—if there exists any—between increased 
risk for PC and vasectomy, is weak (143, 144). On the 
basis of currently available data, no changes in family 
planning policies with regard to vasectomy are 
warranted (145). 


Smoking 


Only a few (127, 146, 147) case-control studies have 
found some association between smoking and incident 
PC, whereas others (89, 148, 149) have contradicted 
these results (Table 6.4). Cohort studies (98-100, 
150-153) of smoking and death from PC, however, 
have been more consistent. The largest three (100, 150, 
151) prospective studies found a modest (risk ratios < 
2) association between current smoking and early 
death from PC. Men who were cigarette smokers at the 
time of enrollment in the study had a 34% higher 
death rate from PC than never-smokers during the 9 


years of follow-up (152). It appears that cigarette 
smoking adds little, if anything, to the risk of develop- 
ing PC (9). 


Alcohol 


Alcoholic beverage consumption has been reported to 
be causally related to malignant tumors of the oral 
cavity, pharynx, larynx, esophagus, and liver, and 
there is growing, but as yet inconclusive, evidence that 
it is related to a rather moderate increase in risk for 
malignancies at other major organ sites, including the 
prostate (154, 155). Significantly increased risks of PC 
have been shown in a large cohort of alcoholics from 
Denmark (155) and among alcoholics from Sweden 
who were less than 65 years of age, but not among 
those who were age 65 or older (154). Likewise, Hayes 
and co-workers reported the first dose-response rela- 
tion between alcoholic beverage consumption and risk 
of PC: significantly elevated risks were seen between 
those who had 22-56 drinks per week (OR = 1.4, 95% 
confidence interval [CI] 1.0-1.8) and 57 or more drinks 
per week (OR = 1.9, 95% CI 1.3-2.7) in comparison 
to never-users (156). However, with respect to poten- 
tially modifiable risk factors, most sizeable case-control 
(89, 91, 127, 146, 147, 157) and cohort studies 
(98-100) on PC and alcohol failed to show an associa- 
tion (Table 6.4). Overall, alcohol has not generally 
been considered a risk factor for PC. Interestingly, 
alcoholics might have a lower risk of PC than non- 
drinkers because of the alterations in liver metabolism 
of testosterone (158). 


Obesity/body mass index 


Some case-control (88, 159) and cohort studies (97, 
103, 153, 160) have suggested that men with high 
body mass and those who are obese as adults have an 
increased risk of PC; however, others (86, 92, 98, 161) 
have failed to confirm this association. 


Physical activity/life-style 


Level of physical activity has been found to be inversely 
associated with risk (96, 162), but the data are incon- 
sistent with other studics that showed an association or 
positive relation (86, 92, 153, 163). 
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Table 6.4 The association between smoking or alcohol and prostate cancer 


Author, year 
(reference no.) 


Study type 


Ross 1987 Case-control 
(89) 

Honda 1988 Case-control 
(127) 

Mettlin 1989 Case-control 
(91) 

Slattery 1993 Case-control 
(146) 

van der Gulden 1994 Case-control 
(147) 

Hayes 1996 Case-control 
(156) 

Lumey 1997 Case-control 
(148) 

Rohan 1997 Case-control 
(149) 

Lumcy 1998 Case-control 
(157) 

Mills 1989 Cohort 

(98) 

Severson 1989 Cohort 

(99) 

Hsing 1990 Cohort 
(100) 

Hsing 1991 Cohort 
(150) 

Adami 1992 Cohort 
(154) 

Tonnesen 1994 Cohort 
(155) 

Coughlin 1996 Cohort 
(151) 

Rodriguez 1997 (152) Cohort 
Cerhan 1997 Cohort 


(153) 


Socio-economic status 


In general, socio-economic status is not an important 
risk factor for the development of PC (13, 99, 164, 
165). 


Farming 


Of 24 studies of farming and PC reviewed by Blair and 
Zahm (166), 17 showed an increased risk, although 
only in 10 were results significant. Farmers are likely to 
spend more time outdoors exposed to the sun. 
However, presently farmers are also exposed to several 
other risk factors in their work, e.g. pesticides and fer- 


Association with Association with alcohol 


smoking 
Negative Negative 
Positive Negative 
= Negative 
Positive Negative 
(little support) 
Positive Negative 
- Positive 
Negative = 
Negative = 
- Negative 
Negative Negative 
Negative Negative 
Positive Negative 
Positive - 
- Positive 
= (in alcoholic patients) 
- Positive 
(in alcoholic patients) 
Positive - 
Positive - 
Positive - 


tilizers. The increased risk may be multifactorial, 
including exposure to some agricultural chemicals and 
to a lesser cxtent also associated with cadmium, a 
common although minor ingredient in fertilizers (158). 
Hence, one study has shown that farmers experience 
increased PC risk associated with the acres sprayed 
with pesticides, while other farm exposures examined 
were not related to PC risk (167). 


Other occupational risk factors 


No occupational risk factors for PC have been 
identified and confirmed. Only cadmium compounds 
and pesticides have been linked with any consistency to 
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an increased PC risk. Cohort studies published in the 
1960s and 1970s suggested slightly increased risk 
among rubber and tire-manufacturing workers (168, 
169). Using sound data on exposure, Aronson and co- 
workers found elevated risks among those employed in 
the water-transport and aircraft-manufacturing indus- 
tries (170). Other groups at elevated risk included 
metal-product fabricators, structural-metal erectors, 
and railway-transport workers. 

In a case-referent study from the Netherlands, 
significantly elevated risks were found for food manu- 
facturers and book-keepers, as well as those employed 
in administration, storage, or farm labors. An elevated 
risk was found in the study for farm laborers, but not 
for farm owners or for agriculture in gencral. In addi- 
tion, a statistically significant excess risk was found for 
subjects who reported frequent occupational exposure 
to cadmium (171). In a small study from England, 136 
nuclear power plant employees were investigated (172); 
these men had a 2.36-fold higher risk of developing PC 
than that expected from control populations. The main 
risk factors werc supposedly tritiated chromium, iron, 
cobalt, and, perhaps more importantly, zinc. 


Cadmium 


The prostate gland contains the highest level of zinc of 
all the organs in body (173). Zinc is required in several 
enzymes involved in replication and repair of DNA and 
RNA. Cadmium is an inhibitor of zinc metabolism. 
Cadmium has recently been accepted by the 
International Agency for Research on Cancer as a 
Category 1 (human) carcinogen (174). High levels of 
cadmium may result from industrial exposure in those 
who work with batteries, paint, and cigarette manufac- 
turing, and in other occupations. Cadmium has been 
associated with human PC in some (82, 92, 175), but 
not all (89, 169), epidemiologic studies. These data do 
not, however, establish a definitive connection between 
cadmium and PC. 


Benign prostatic hyperplasia 


An issue of major clinical importance is whether men 
with BPH are at clevated risk of cancer of the prostate. 
Armenian et al, reported two studies in which men 
with BPH were found to be at relatively high risk of 
cancer (176). In their case-control study, the authors 
found that hospitalization for a non-cancerous prosta- 


tic disease was associated with a relative risk of 5.1 of 
developing PC. Greenwald and co-workers, however, 
found no association between BPH and PC (177). 


Viruses 


Several types of viruses have been isolated from cancer 
cells, such as human papillomavirus, cytomegalovirus, 
and herpesvirus, but no definitive links between PC 
and viruses have been established (9). 


Sexual behavior 


Considerable attention has been paid to patterns of 
sexual behavior and the development of PC. Bacterial 
prostatitis, particularly a history of gonorrhea, has 
been suggested as an increased risk factor for PC (3). 
Although extensively studied, there is very little evi- 
dence supporting the association. 


Diabetes mellitus 


In a case-control study, Steenland et al. reported that 
for diabetic men, the relative risk for all cancers was 
1.38 (95% CI 1.00-1.91); the elevated risk was partic- 
ularly evident for colorectal and PC (178). Currently, 
there is only scant information on diabetes as a risk 
factor. 


Conclusions 


Given the similar prevalence rates for histologic cancers 
at autopsy, it appears that although genetics may play 
a role in PC etiology, environmental factors appear to 
have a major role in PC biology, perhaps acting as pro- 
moters. If we look more analytically at the etiological 
factors, including those emerging from epidemiological 
surveys, there is a mixture of genetic and environmen- 
tal factors, which interact with the age and the hor- 
monal status of male subjects at risk. Genetic factors, 
such as race and familial predisposition, cannot be 
modified. There is, however, a possibility that environ- 
mental factors may be brought under control. 

From a public health perspective, dietary factors 
appear to hold the most promise for prevention. 
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Although no specific prevention can be proposed at the 
present time, the results from dictary intake studies 
support the concept that a high-fiber, low-fat, and pos- 
sibly B-carotene-rich diet may protect men against the 
development of PC. Furthermore, the potential preven- 
tive properties of soya products and lycopenes are 
being investigated. Another approach to lower PC mor- 
tality is early diagnosis through screening. In principle, 
cancer screening should be targeted at individuals who 
are likely to have the particular discase in preclinical, 
detectable, and curable form, and who arc at high risk 
of ultimately suffering and/or dying from this disease. 
Men in high-risk groups, including African-Americans 
and those with a family history of PC may be screened 
at an carlier age. Finally and hopefully, a genetic test to 
diagnose an inherited predisposition to PC may become 
available in the near future. This would makc it possi- 
ble to diagnose cancer-prone individuals in advance 
and diagnose their tumors at an early stage while there 
is still a possibility of cure. 
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7 | Screening of prostate cancer 


Gregory J. Oleyourryk and Edward M. Messing 


Introduction 


Screening for a chronic disease is defined as the use of 
testing in an asymptomatic general or defined popula- 
tion to determine if members are likely to have that par- 
ticular disease. Diagnostic testing of symptomatic 
patients that present with signs and/or symptoms must 
be distinguished from screening, although both may 
permit the early detection of a specific disease. Those 
who are deemed likely to have the disease by the screen- 
ing test are then further evaluated, and individuals in 
whom the disease is eventually diagnosed are usually 
recommended to receive treatment for the screened 
disease. The ultimate goal of screening is to detect and 
treat the disease earlier than it would have been diag- 
nosed through standard medical care in which testing in 
the absence of signs and/or symptoms had not occurred. 
The screening process is considered successful not only 
if screened individuals are diagnosed carlicr but, most 
importantly, experience reduced mortality and/or mor- 
bidity from the disease (1). If screcning proves to 
decrease cancer-specific mortality in a defined popula- 
tion, we must determine the optimal testing procedures, 
intervals, and sequences to effect detection of that 
disease sufficiently early to permit institution of success- 
ful, and ideally, low morbidity treatment. 

For a screening program to be practical, the discase 
must meet certain criteria. It must be detectable with 
minimal harm and expense at a stage in which effective 
treatment can be administered. It must be a serious, rel- 
atively common health concern, and occur in a popula- 
tion defined by easily ascertainable demographics and 
risk factors. There must be some apparent benefit for 
treatment at early stages, compared to treatment at 
later stages when the disease would normally have been 
diagnosed had symptoms and/or signs led to its detec- 
tion, particularly for disease outcome, but also for 
disease and treatment-related morbidity. Finally, the 


discase must have a pre-clinical phase of many months 
to years, during which the discase is detectable but 
undiagnosed because it is still asymptomatic. Prostate 
cancer is a discase that fits many of these criteria, 
although the benefits of screening, and certainly the 
details of its practical application, remain subjects of 
considerable debate. 

The sensitivity, specificity, and predictive values of a 
screening test are used to assess its value in detecting a 
disease. Sensitivity, the proportion of subjects with the 
disease who havc a positive screening test, is defined as 
the number of subjects with a positive test who actually 
have the disease, divided by the total number of sub- 
jects with the discase regardless of whether the screen- 
ing test is positive or negative. This value represents the 
ability of the test to identify every possible diseased 
subject. The ideal is 100%, not missing one subject 
with the discase. 

Specificity, the proportion of subjects without the 
disease who have a negative test, is defined as the 
number of subjects with a negative test who do not 
have the disease, divided by the total number of sub- 
jects without the disease regardless of whether the 
screening test is positive or negative. In contrast to sen- 
sitivity, specificity represents how accurate the test is in 
discerning discased from non-discased individuals. The 
ideal situation of 100% specificity would imply that 
the test was positive only for diseased subjects, and 
there were no subjects without the disease who have 
positive results (false-positives). A very difficult part of 
developing a screening tool is having one with both 
high sensitivity and high specificity, as one is often 
decreased while trying to improve the other. Goals 
should be directed at finding a test that safely catches 
all diseased subject (high sensitivity), while at the same 
time is cost-cffective by including as few disease-free 
individuals as possible (high specificity). 

Unfortunately, sensitivity and specificity cannot 
casily be determined for prostate cancer because the 
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actual prevalence of the diseasc remains unknown. 
Thus, for prostate cancer, positive predictive value 
(PPV) is often used to determine the accuracy of avail- 
able tests. Mathematically, PPV is defined as the 
number of positive tests in subjects with the discase 
(true-positives), divided by the total number of pcople 
with positive tests (true-positives plus false-positives). 
The PPV is particularly important because the higher it 
is, the lower the number of unnecessary biopsies. If the 
specificity or PPV are too low, the number of false- 
positive tests, and thus the number of needlessly per- 
formed biopsies may be unacceptably high. 

Also critical to understanding the application of 
screening programs, and the interpretation of its 
benefits, is the concept of lead- and length-time biases. 
If screening only detects cancers at an earlier time but 
does not alter the progression of the disease or the 
eventual outcome, screened individuals will appear to 
have an increased survival time (from disease detection 
to demisc) but their longevity (their age at death) will 
not be changed. This is ‘lead-time bias’ and can con- 
found the authenticity of early survival data. Length- 
bias sampling occurs because the biological variability 
in the population of cancers predisposes screening tests 
to detect stower-growing cancers, which have longer 
pre-symptomatic phases, when they are detectable if 
screened for, while rapidly growing ones are missed 
because they proliferate to a symptomatic and in- 
curable stage between screens. Another type of 
length-bias, termed ‘over-diagnosis’ occurs when slow- 
growing tumors that would never cause death, and 
thus never need treatment, are found. This skews sur- 
vival results in favor of screening. Either way, length- 
time bias can give the impression that screening 
increases survival. Before any conclusions can be made 
about the true benefits of any screening practice, these 
phenomena must be considered when interpreting 
survival results. 


Prostate cancer screening 


Prostate cancer is the fourth most important cancer for 
men worldwide, in regard to prevalence, mortality, and 
morbidity, with a significantly higher incidence in 
developed countries (2). This year’s estimates once 
again predict its incidence to be the highest of any non- 
cutaneous cancer in Americans of either gender, 
179 300 new cases, and almost twice the number of the 
next most commonly diagnosed cancer in men (3). The 
mortality from prostate cancer in the United States in 


1999 is estimated to be 37 000, second only to lung 
cancer (3). Although it is not generally considered to be 
as aggressive as other malignancies, a man in North 
Amcrica diagnosed with prostate cancer in his mid-60s 
is more likely to dic of this cancer than of any other 
cause (4). When prostate cancer screening programs 
arc used routinely, the stages of the disease at diagnosis 
are lower (earlier) than those found in historical 
control cases (5, 6). Finding the cancer at an earlier 
stage should theoretically avoid future prostate cancer 
related morbidities and mortality, as the disease is not 
generally curable once it has escaped the confines of the 
prostate gland and immediatcly adjacent tissues. 
Although there is an apparent stage shift at diagnosis, 
there has not yet been a proven decrease in morbidity 
and mortality. Llowever, recent evidence suggests that 
a decline in prostate cancer morality is beginning ro 
occur (7). 

The biology of prostate cancer is appropriate for 
screening with a technically simple assay that has rela- 
tively high PPV, and a long pre-clinical phase leading 
to the ability to detect cancers over five years before 
they would have been clinically evident (8). Critics of 
prostate cancer screening maintain that the expenses, 
anxiety, and morbidities of the screening tests, subse- 
quent work-up, and treatments may outweigh its 
benefits. Despite the high incidence and mortality rates 
they still appropriately cite that prostate cancer is pri- 
marily a disease of older men (with other competing 
causes of demise), is a relatively slow-growing malig- 
nancy, and is often found as a microscopic, latent 
variant that may never need treatment (9). The debate 
over whether prostate cancer screening is beneficial 
continues and will be discussed at the end of this 
chapter. 


Methods of prostate cancer 
screening 


Physical examination: digital rectal exam 


The digital rectal exam (DRE) by itself is a relatively 
poor screening modality. While it may be the simplest, 
it is not necessarily the most cost-effective screening 
method, as it actually requires a physician’s visit 
instead of a blood test, and many men have such an 
aversion to undergoing it that they decline any screen- 
ing intervention. Moreover, there is considerable sub- 
jectivity in the interpretation of this examination. 
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Up to 90% of patients now being diagnosed with 
organ-confined disease (or even disease extending just 
beyond the prostatic capsule), underwent biopsy 
because of abnormalities on prostate-specific antigen 
(PSA) testing, having had DREs that would not have 
prompted biopsy (10). In fact, it has been reported thar 
DRE alone fails to increase the proportion of organ- 
confined cancers detected (11). Catalona et al. reported 
that DRE alone would have missed approximately 
40% of cancers and PSA alone would have missed 
about 25% of patients with histologically organ- 
confined prostate cancer of sufficient volume (e.g. over 
0.5 cc) or grade (Gleason score > 5) to merit treatment. 
However, the two combined, increased the prostate 
cancer detection rate to 78% in a mixed screening and 
referred population (5). At the current time, it appears 
most appropriate to use DRE in conjunction with PSA, 
as complimentary tests. 


Transrectal ultrasound 


Transrectal ultrasound (TRUS) with 5 and 7 MHz 
probes, is not much more unpleasant than rectal exam 
and clearly can evaluate areas of the prostate contain- 
ing potential lesions that are not easily reachable by an 
examiner’s finger. Additionally, it is an accurate means 
of assessing prostate volume (using the formula: 0.52 x 
width x length x height), which can then be divided 
into the serum PSA concentration to give the ‘PSA 
density’ (PSA/prostate volume). Also, measurement of 
the transitional zone’s volume can be done during 
ultrasound, which further helps in the screening 
process (see below). 

Some investigators argued that TRUS was more sen- 
sitive than DRE, as well as enhancing the accuracy and 
safety of biopsy (12). However, studies like that of 
Reissigl et al. found that up to 65% of prostates with 
biopsy proven cancer had a previous TRUS reported as 
‘normal’ (10), and it has becn very common to find 
ultrasonically normal areas of the gland that contain 
considerable amounts of cancer. Furthermore, hypoe- 
choic arcas on TRUS are not very specific for prostate 
cancer. Bangma eż al. reported minimal (3%) loss of 
cancer detection, with a 17% reduction in the number 
of biopsies when TRUS was omitted from a screening 
protocol that included DRE, PSA, and TRUS (13). 
They found that it was not cost-effective, and only 
minimally added to the prediction of a positive biopsy. 
While it can occasionally pick up cancers that may not 
be detected by DRE or PSA, the high false-positive rate 
makes the technique undesirable for general screening 


use. The modality’s other drawback as a screening tool 
is the considerable inherent subjectivity in the perfor- 
mance and interpretation of the test. Despite earlier 
contentions supporting its use as a screening tool, its 
inability to distinguish normal from malignant tissue is 
disappointing, and currently now is used primarily to 
guide biopsy needles into specific regions of the 
prostate and adjacent structures. 


Prostate-specific antigen 


Prostate-spccific antigen (PSA) is a serine protease pro- 
duced by prostate epithelial cells and secreted into 
seminal fluid. Both malignant and normal prostate cells 
secrete this cnzyme, but when a cancer disrupts the 
gland’s architecture, the levels in the systemic circula- 
tion often rise. PSA was originally discovered by Hara 
et al., and further characterized to be an immunologi- 
cally unique compound whose production is relatively 
specific for the prostate gland by Wang et al. (14, 15). 
Over the past 10 ycars, its use in screening efforts and 
early detection has drastically changed the diagnosis 
and management of prostate cancer. The sheer number 
of patients has changed considerably, as well as the 
clinical and pathological stages of detected prostate 
cancers. It has even prompted the creation of a new 
clinical stage category, T1c. Unlike DRE and TRUS, 
measurements of PSA are objective and quantitative. 
However, a physician’s interpretation of the signifi- 
cance of a specific level, and the variability of that level 
in normal and disease states, are not as precisely 
defined. Today, scrum PSA is considered the best 
method detect early stage prostate cancer, yet of 
course, it has its limitations as well (5, 16). 

The traditional cut-off indicating suspicion for 
cancer, and for biopsy, has been greater than 4 ng/ml. 
Greater than 70% of patients with what is believed to 
be biologically significant prostate cancer that is organ- 
confined, have serum PSA levels greater than 4 ng/ml 
(17). In comparison, only 25% of patients with patho- 
logically proven benign prostatic hyperplasia (BPH) fall 
into this PSA range. Also, in studies of volunteers, PSA 
values greater than 4 ng/ml are seen in only 8-15% of 
men 50 years of age and older (18). The PPV (the pro- 
portion of individuals with a positive who actually 
have the disease) of an initial elevated PSA in a man 
greater than 50 is dependent on the degree of elevation 
of PSA. The PPV is 64% if the PSA is greater than 
10 ng/ml. For levels between 4 ng/ml and 10 ng/ml the 
PPV is approximately 25% (18). Those patients with a 
PSA value in this range occupy a diagnostic ‘gray zone’, 
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in which the PSA concentration identifies the patients 
as high risk (25% cancer rate versus a 4% rate for the 
general population over 50), but specificity is poor 
because 75% of biopsy findings are ncgative (19). 

Concerns about prostate cancer screening with serial 
PSAs have been raised, the first of which is that the test 
is not ideally sensitive. In several large screening series 
roughly 20-30% of men with seemingly biologically 
significant prostate cancer, based on histologic grade 
and cancer volume, still confined to the prostate (i.e. 
exactly the men scrcening is supposed to help), have 
PSAs under 4 ng/ml (16). Thus, the test isn’t sensitive 
(true-positives/true-positives and  false-ncgatives) 
enough, and should be combined with DRE if prostate 
cancer screening is to be performed. Indeed, 80% of 
men with PSAs under 4 ng/ml, who have biologically 
important prostate cancer, have cancer confined to the 
prostate gland, once again emphasizing the importance 
of not relying exclusively on PSA (16). 

The detection of prostate cancer in its curable stages 
requires the use of a relatively low PSA cut-off point 
for screening. However, the specificity of PSA for 
cancer detection is limited because of its high-false pos- 
itive rate when a low cut-off is used, causing unneces- 
sary biopsies (20). Because the disease occurs almost 
exclusively in middle-aged and elderly men, in whom 
BPH is ubiquitous, this lack of specificity (true- 
negatives/true-ncgatives and false-positives) leads many 
men who do not have prostate cancer, but who do 
have elevated PSAs, to go through the expense, 
morbidity, unpleasantness, and obvious anxiety that an 
elevated PSA and its evaluation provoke. 

The widespread use of PSA as a screening device has 
led to an increase in the number of prostatic ultrasounds 
performed and biopsies taken. The number of cancers 
detected has increased and the stages of the cancers 
detected are earlier than for cancer detected prior to the 
widespread use of PSA as a screening tool (21). Indeed, 
those in whom cancer is detected under circumstances of 
repeated screening have organ-confined disease nearly 
80% of the time (6). Whether this is a sufficiently early 
lead-time to detect cancer before micro-metastasis occur 
is not yet known, however, Catalona et al. reported that 
in men who in initial screening had PSA values that were 
less than 4 ng/ml, with follow-up of up to 5 years, 2.6% 
had prostate cancer found on subsequent screening (16). 
As would be expected, the proportion of men with clini- 
cally advanced cancer was significantly lower in those 
detected through serial PSA screenings (2%) than in 
those detected by the initial screen (6%), since preva- 


lence cases were picked up by the initial screen (22). This 
shows the value of serial screening with PSA even with 
an initial ‘normal’ value. In addition, since 80% of men 
with prostate cancer detected, who have PSA below 4 
ng/ml (mostly because of abnormalities on DRE), have 
organ-confined disease, the advantage for including DRE 
with PSA in regular screening becomes apparent. 

At the other end of the spectrum, an additional 
concern about screening for prostate cancer is that the 
test may be too sensitive. Screening may be detecting 
the tiny focuses of well-differentiated cancer that many 
middle-aged and elderly men have in their prostates, 
and are found incidentally at autopsy (6, 16). There 
have been estimates that ad lib screening still detects 
only 20% of all men with any cancer at all within their 
prostates—but that this may still be detecting the 
disease in, and giving treatment to, men who never 
were likely to experience any ill-effects from prostate 
cancer. Advocates for PSA screening have argued that 
such ‘autopsy cancers’ are so small that they would not 
be expected to elevate serum PSA or to be detected by 
random ncedle biopsies. However, it is possible that if 
PSA were elevated from BPH, a biopsy may find an 
‘autopsy’ cancer incidentally, which may be indistin- 
guishable from more significant large-volume cancer. If 
even a small proportion of the enormous poo! of men 
with ‘autopsy cancers’ were being diagnosed (and 
treated) by PSA, this would be a strong argument 
against wide-scale screening. Currently, the evidence 
indicates that this is not happening. The distribution of 
histologic grades (well, moderately, or poorly differen- 
tiated tumors) appears very similar in PSA screening 
populations to what it was in the pre-PSA era (15-20% 
well-differentiated, 50-60% moderately differentiated, 
and 20-35% poorly differentiated) (23). One would 
expect a significant shift to well-differentiated tumors if 
PSA screening was enabling the detection of a 
significant percentage of the ‘autopsy cancers” (which 
are almost always well-differentiated.) 

Despite these considerations, assuming a man is 
medically stable and willing to undergo treatment for 
prostate cancer, it is very difficult not to proceed to 
TRUS-guided biopsy for PSA levels over 4 ng/ml (that 
are unexplained by recent infections, instrumentation, 
or other cpisodes that are known to clevate the PSA 
transiently) or for a suspicious DRE. Yet with serum 
PSA, the high false-positive rate of up to 75% has 
been a major criticism. To improve the specificity of 
serum-PSA levels, by reducing the number of false- 
positives, alternative methods of analyzing the PSA 
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value to enhance its clinical significance have been 
suggested. 


PSA density 


One possible way to enhance the specificity of PSA, 
and diminish the high false-positive rate associated 
with BPH, is to use the PSA density (PSAD), the ratio 
of scrum PSA to the prostate volume, as measured by 
TRUS (24). Using the formula 0.52 x width x length x 
height, the volume of the prostate can be best estimated 
and then divided into the PSA to better estimate the 
cancer risk in relation to volume adjusted PSA values. 
This may help one decide if a mildly elevated PSA 
really warrants a biopsy in someone with a large pro- 
static volume. 

Benson et al. believed using PSAD could reduce the 
number of negative biopsics by about 50%; however, 
nearly half of the organ-confined prostate cancers, the 
ones most desirous to find, would be missed as well 
(24). Moreover, it has been reported that prostate size 
is not a good predictor of PSA because of the tremen- 
dous amount of variability in the relative amount of 
epithclium in a prostate gland. Bangma et al. Reported 
that using PSAD cut-off of 0.12 ng/ml/cc, in combina- 
tion with DRE, reduced the number of biopsies by 
28%, at the expense of missing 11% of the cancers 
(13). In reality, of course, the biopsy is often done 
regardless of the PSAD, since the patient is already 
undergoing the ultrasound procedurc. For these 
reasons, PSAD is rarely used to determine who should 
undergo biopsy, but can be useful in deciding if a 
biopsy should be repeated in a patient with a negative 
biopsy and an elevated PSA. 

A variation on this theme, PSA transitional zone 
(TZ) density, is also worthy of mention, PSA TZ 
density is defined as the total PSA (ng/ml)/TZ volume 
(cc), as measured by TRUS. Reissigl et al. concluded 
that PSA TZ density is an important diagnostic tool for 
calculating the probability of prostate cancer, and that 
the combination of per cent free PSA (see ‘Free PSA’ 
below) and PSA TZ density was superior to free PSA 
alone (10). They also found a significant proportion of 
cancers (29%) arising from the TZ in their study, only 
detectable on their two additional TZ biopsies, provid- 
ing another compelling reason to look at the TZ during 
TRUS (10). This needs to be further investigated, as 
many authorities belicve these TZ tumors have a much 
lower biologic potential (which explains some good 
outcomes of patients treated by ‘watchful waiting’) 


than the peripheral tumors that have greater access to 
adjacent routes of spread (25). 


Age-specific PSA 


Age-specific PSA attempts to account for prostatic 
hyperplasia, which increases PSA as men age. It 
improves sensitivity in younger patients who may 
benefit most from screening, while also improving 
specificity in older patients who will benefit less (26). 
As with PSAD, it is based on the premise that since 
prostatic volume and BPH increase with age, the 
normal 4 ng/ml cut-off may be too high for young men 
(40-50 years) and too low for older men. Oestcrling 
initially suggested that the PSA cut-off for biopsies 
should change based on age, with 2.5 ng/ml for men 
aged 40-49, 3.5 ng/ml for 50-59-ycear-olds, 4.5 ng/ml 
for 60-69-year-olds, and 6.5 ng/ml for 70-79-year-olds 
(27). However, Catalona et al. reported that decreasing 
the PSA cut-offs in younger men resulted in a 
significant increase in biopsies with only a minimal 
increase in cancer detection (28). Additionally, higher 
cut-offs in older men resulted in fewer biopsies but 
missed many organ-confined cancers. In one scries 
comparing age-specific reference ranges for total PSA 
to total PSA plus DRE, a 30% decrease in biopsies was 
found, but 18% of the cancers in men with a PSA of 
4-10 ng/ml were missed (29). In this study, age-specific 
PSA ranges did not preferentially select younger men 
for biopsy, while the missed cancers were distributed 
evenly for all age groups. Of course, missing organ- 
confined cancers may be regarded as favorable when 
they are of small volume and biologically insignificant. 
However, if they were to grow there is no certainty 
that PSA screening would detect them before they 
escaped the gland. 

Another matter is that age-specific PSA ranges have 
varied with different raccs; the original age-specific PSA 
ranges were determined from the almost exclusively 
Caucasian, mostly northern European population that 
inhabits Olmsted County, MN (27). These ranges 
cannot be readily extrapolated to non-Caucasians or 
Caucasians of other ethnic backgrounds. Despite the 
problems, age-specific PSA is a cost-effective approach 
to improve the specificity of PSA, and as such may have 
value in larger population-based screening efforts. 
Perhaps the best arguments for the use of age-specific 
PSA are clinical, not statistical, however, as the detec- 
tion of cancer in a individual patient must be suited ro 
his needs, and tailored to his expected life-span and 
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overall health. It is logical to try to increase sensitivity 
in younger men and decrease invasive biopsies in older 
patients who are poorer candidates for aggressive 
management. 


PSA velocity 


Another measurement for selecting men to biopsy is the 
rate of change of an individual’s PSA over time (PSA 
velocity). Sudden increases in PSA value from an estab- 
lished baseline or slope, are suggestive of neoplastic 
change, and biopsics might be taken at that time. 
Carter and colleagues, utilizing the Baltimore 
Longitudinal Study of Aging data, found that in con- 
trast to men with no prostatic disease or with BPH 
only, prostate carcinoma patients exhibited an early 
linear phase followed by an exponential phase of PSA 
velocity prior to diagnosis (30). On average, the expo- 
nential phase began 7-9 years before clinical detection. 
However, changes found at intervals shorter than 12 
months are usually unreliable to extrapolate to a rate 
of change over 12-24 months, hence, limiting the 
utility of PSA velocity to individuals with numerous 
PSA determinations over several years. However, 
because of inter-assay variability, to be interpretable, 
these multiple determinations must be performed by 
the same laboratory, something that is often not con- 
trollable in clinical situations. Additionally, this crite- 
rion is not useful in large mass screenings that are 
one-time events with poor continuity. One obvious 
benefit, however, is that men found to have little or no 
change in PSA over time, may not nced to be tested 
every year, reducing costs. 


Free PSA 


The most promising development to improve PSA’s 
specificity in detecting early prostate cancer has been 
the recognition that most PSA in the serum is bound by 
several proteins (protease inhibitors); the amounts 
bound, and by which proteins, differ in various disease 
and normal states. To date, three forms of PSA have 
been identified: PSA complexed to a1-antichy- 
motrypsin (ACT, the predominant form), PSA com- 
plexed with B2-macroglobulin, and PSA not bound to 
any protease inhibitor (‘free PSA’). B2-Macroglobulin 
encapsulates the PSA and makes that form unrecogniz- 
able by monoclonal and polyclonal antibodies pre- 
pared against PSA. Therefore only two of these forms, 
PSA complexed with a1-antichymotrypsin and free 
PSA, are actually immuno-detectable by today’s avail- 


able assays. Assays that can measure unbound and 
total PSA, will then permit the calculation of the pro- 
portion of all detectable PSA (total PSA) that is not 
bound, or the proportion of free PSA (free PSA/total 
PSA). For unknown reasons, the a@1-ACT bound form 
is preferentially elevated in prostatic cancer cases. 
Therefore, the percentage of free PSA is lower in serum 
samples from patients with prostate cancer than in 
serum samples from patients with benign discase par- 
ticularly (BPH) or normal prostates. It is thought that 
enzymatic activity is required for the PSA to complex 
with ACT, and thus some believe the low percentage 
free PSA seen with cancer is a result of tumor cells pref- 
erentially secreting enzymatically active PSA (20). 
Another explanation, offered by Lilja et al., who found 
expression of ACT in tumor cells, is that complex for- 
mation with ACT is initiated within the tumor cell and 
the whole complex is secreted instead of PSA alone 
being secreted (31). Regardless of the actual mecha- 
nisms, data using the percentage free PSA are quite 
encouraging. 

Evidence has shown that the percentage of free PSA 
increases the specificity of the PSA alone in distinguish- 
ing BPH from cancer from 25% to 37% (32). In the 
intermediate PSA range of 4.0-10.0 ng./ml, a diagnos- 
tic ‘gray zone’, free/total PSA ratios improve the 
specificity of total serum PSA significantly (32). Several 
groups have tried to calculate the trade-off of improv- 
ing specificity with reducing sensitivity by advocating 
biopsies not be performed on men whose total PSAs 
are between 4.0 and 10.0 ng./ml, and whose percentage 
of free PSAs are above various cut-offs. For example, 
Catalona et al., using a free PSA cut-off of 25% in a 
man with a palpably benign gland and total PSA 
between 4.0 and 10.0 ng/dl, detected 95% of the 
cancers and spared 20% of those with BPH from 
undergoing biopsy (19). Because BPH is found in most 
men with a total PSA in this ‘gray zone’, this represents 
a substantial number of individuals who would avoid 
an unnecessary biopsy. 

Catalona eż al. also have attempted to use free PSA 
alone to detect cancer even earlicr, without increasing 
the number of negative biopsies performed (33). Using 
4.0 ng/ml as a cut-off for PSA alone, 20% of men 
would have had their tumors missed were it not for the 
use of a percentage of frec PSA cut-off of 27% (below 
which all men have undergone biopsy regardless of 
how low total PSA is). Additionally, with this new cut- 
off, 80% of the cancers were organ-confined as com- 
pared to 70% by using the 4 ng/ml total PSA cut-off 
alone. While these data are promising, there are several 
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concerns about relying too heavily on free/total PSA. 
First, while little is understood about PSA’s role in the 
serum (if any) in general, less is known about the 
mechanisms regulating its binding by globular proteins. 
Perhaps of even more concern, from a screening per- 
spective, is that only a relatively small number of sub- 
jects without cancer have been used to calculate the 
appropriate cut-off percentages, and almost no men 
with prostatitis or prostate diseases other than BPH (let 
alone not knowing if the BPH values were in men with 
primarily glandular or stromal hyperplasia), have been 
studied to know thcir effects on this ratio. Until these 
studies are undertaken, a more appropriate way to use 
free PSA to increase sensitivity (cancer detection) may 
be in patients who have already undergone a biopsy 
with negative findings. If a free PSA ratio is low in 
these men, indicating high risk, a second biopsy may be 
advised, as approximately 20% of cancers are missed 
on the first biopsy (33). 

Another possible use for free PSA may be in predict- 
ing prognostic features of prostate cancer. Catalona et 
al. have reported that a lower pre-operative percentage 
of free PSA was significantly associated with the pres- 
ence of capsular penetration, positive surgical margins, 
a higher Gleason score, an increased percentage of the 
gland-containing cancer, and an increased tumor 
volume (34). Other researchers have not found free 
PSA to significantly contribute to the pre-operative pre- 
diction of pathologic features, and more work needs to 
be donc in the group of men with a PSA in the grey 
zone of 4.0-10.0 ng./ml. It was in this range that 
Catalona et al. found prognostic utility for percentage 
free PSA (34). In the future, clinicians and patients may 
be able to use this information to make informed deci- 
sions about prostate cancer management. 

Not only may percentage frec PSA enhance early 
prostate cancer detection and decrease the number of 
unnecessary biopsies, but also it is suitable for screen- 
ing a large population, in that it and the standard PSA 
can be done from the same blood draw. Also, the free 
PSA ratio is less expensive and unpleasant for subjects 
than measurement of PSA density. 

Research is still ongoing to find even more specific 
markers for prostate cancer screening. Complexed PSA 
(cPSA) refers to PSA complexed with al-antichy- 
motrypsin. A new test named the Immuno 1 cPSA 
assay is reportedly specific for the E-epitope on the free 
PSA molecule, the site normally bound by a1-antichy- 
motrypsin (35). By directly measuring complexed PSA, 
advocates of this assay propose that it is more specific 
for cancer than the percentage of free PSA, perhaps 


because it is the PSA complexed to al-antichy- 
motrypsin that is preferentially increased in prostate 
cancer. Another marker, human glandular kallikrein-2 
(hK2), is a gene with 80% homology to the PSA gene 
in sequence and structure, as well as having similar 
enzymatic activity, localization to the prostate, and 
factors that regulate production (35). Immunoassays 
are now available for research protocols and suggest 
that hK2 may have value as a clinical marker for 
prostate cancer diagnosis. Complexed PSA and/or hK2 
may further optimize earlicr detection in the future. 
Additionally, if used with other experimental markers 
such as N-telopeptide and prostate-specific membrane 
antigen (PSMA), better molecular staging may be feasi- 
ble (35, 36). For now, more research is needed to deter- 
mine the best combinations for a safe (sensitive) and 
cost-effective (specific) way to incorporate PSA density, 
PSA velocity, age-specific PSA, percentage of free PSA, 
and total serum PSA into scrcening algorithms. 


Populations at risk 


One way to improve the predictive value of a screening 
test is to increase the prevalence of the disease by mod- 
ifying the population to be screencd. The only well- 
established risk factors for prostate cancer are 
increased age, African-American race, and family 
history. Screening is not recommended below age 50 
because of the low prevalence of prostate cancer in 
younger men. Race also plays a role in prostate cancer. 
Reports have shown a 30% higher incidence and 
120% higher mortality rate in black than white men in 
the United States (5). The higher mortality rate in this 
group may be duc to the relative increase in the 
number of high-grade cases among African-Americans, 
along with thcir persistently lower age at diagnosis 
(37). While a 25-30% PPV for total PSA values greater 
than 4.0 ng/ml apply for the general public, a higher 
estimate of 36-60% may occur in African-Americans 
(37). Since PPV depends on the prevalence rate of a 
population, the higher cancer rate in African- 
Americans explains the higher PPV for PSA. The higher 
PPV in African-Amcrican men suggests that lowcring 
total PSA cut-offs may be a strategy to optimize cancer 
detection in this group, realizing that it will also 
increase the number of negative biopsies (37). On the 
other hand, Asians have a much lower incidence of 
prostate cancer and may not be as appropriate as sub- 
jects for screening. 
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Walsh and Partin have reported that a positive 
family history increases the relative risk of prostate 
cancer in male first-degree relatives (fathers, brothers, 
or sons) approximately two-fold, and this increases 
with multiple affected relatives (38). It is believed that 
a type of familial prostate cancer is passed on as an 
autosomal dominant trait, particularly if the proband 
was young when first diagnosed. While 25% of men 
with prostate cancer have a family history of it, only 
9% have a hereditary form of the disease (38). Yet, 
they have estimated ‘hereditary prostate carcinoma’ to 
be associated with 43% of cancer patients who were 
diagnosed below age 55 years, 34% of men diagnosed 
at < 70 years, and only 9% of men diagnosed at age $5 
(38). They concluded that first-degree relatives in high- 
risk families should start screening before 50 years of 
age, as the hereditary prostate cancer is characterized 
by an early age at onset (38). Because age, racc, and 
family history are the only known risk factors, carlier 
detection through screening these men represents one 
promising option for further reducing prostate cancer 
morbidity and mortality. 


General population screening 
practices 


The 1993 recommendations of the American Cancer 
Society (ACS) and the American Urological Association 
(AUA) for prostate cancer screcning are as follows 
(39): 


@ men 50 years of age or older, with an average risk 
for prostate cancerm should undergo an annual of 
developing DRE and PSA measurement; 

@ screening of higher risk groups (African-Americans 
and first-degree relatives of prostate cancer 
patients) should start earlier; 

@ TRUS should only be used in patients with abnor- 
mal DRE and/or PSAs; 

@ screening will only benefit men with a life 
expectancy of 10 years or longer. 


These recommendations are not shared by the American 
College of Physicians, the US Preventative Services Task 
Force, the Australian Cancer Society, several European 
countries including the United Kingdom, France, and 
the Scandinavian countries, and many more. Some of 
these groups follow much less aggressive guidelines, 
while others strongly disagree with the practice of most 


prostate cancer screening (with the exception of men 
with strong family histories). Reasons for this will be 
discussed later in the chapter. 

While total PSA and DRE are the major screening 
tools, the previously discussed modifications of PSA are 
also being used more and more by urologists to 
improve the PPV of their screening efforts. PSA veloc- 
ities in men with no prostatic malignancy show a linear 
phase increase in PSA of < 0.04 ng/ml per year, and if a 
more rapid sustained rise in of PSA is seen, it usually 
begins 7-9 years before clinical detection (40). This 
indicates that men with little or no change in PSA over 
time may not need to be tested every year. Similarly, 
Carter et al. show that a 2-year PSA testing interval is 
not likely to miss a curable lesion when the initial PSA 
level is less than 2.0 ng/ml and the DRE is normal (41). 
Also, in a man with an elevated total PSA who has 
undergone a negative biopsy, the percentage of free 
PSA can strongly influence the decision of whether to 
repeat the biopsy. 

Over the past several years, public awareness of 
prostate cancer has increased considerably (42). At 
times, concerns about the disease have been based 
upon bleak assumptions and have led to unbounded 
confusion about the value of screening. For example, in 
a study from Australia, Ward et al. found more than 
33% of respondents thought that at least one in five 
men would develop prostate cancer before age 74 
years, and 11% thought that one in five would actually 
die from the disease before that age (42). In the United 
States, DeAntoni et al. found that of 3001 men under- 
going screening, 84% believed prostate cancer screen- 
ing was proven to save lives (43). Men and their family 
members are often the ones requesting prostate cancer 
screening (44), and primary care physicians must famil- 
iarize themselves with controversics surrounding 
routine screening and counsel their patients in this 
regard. Such discussions must take into considerations, 
risks, and morbidities of the disease and its treatments, 
in the context of the paticnt’s co-morbidities, lifestyle, 
inheritance, and prioritics in terms of longevity and 
quality of life. These sessions may often consume more 
time than a busy PCP wishes to spend, or gives more 
responsibility to patients than they want to assume for 
their own care. However, it is time and effort best 
spent before hand, because once the PSA test is per- 
formed and is clevated, it is much more difficult for 
cither the patient or his physician to ignore the value 
and forego biopsy (45). It is their beliefs about the risks 
and benefits of the available treatments that will in turn 
affect their paticnts’ choices. 
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Since the progression rates of moderately differenti- 
ated prostate cancer to metastatic disease, if left 
untreated, was found to be 42% at 10 years, and if 
subsequent life expectancy is estimated at 3 more years, 
it can be assumed that only men with a 10-15 ycar life 
expectancy could benefit from early detection and 
treatment (23). In the US, the average male life 
expectancy decreases below 10 years at approximately 
the age of 73. If one includes those men with poorly 
differentiated tumors, to possibly improve the survival 
of all patients with localized cancer, then one could 
argue that screcning should include individuals whose 
life expectancics are 5-10 years or longer. 


Problems with prostate cancer 
screening 


The value of prostate cancer screening continues to be 
debated. Often quoted are the remarks of Dr. Willet 
Whitmore: ‘Is cure possible in those in whom it is nec- 
essary? Is cure necessary in those in whom it is possi- 
ble? (46). Many governmental health agencies and 
medical organizations throughout the world recom- 
mend against the use of routine prostate cancer screen- 
ing, since its early detection has no proven benefit as of 
yct. Specifically there are no longitudinal studies that 
demonstrate reduced prostate cancer mortality in 
screening compared with prospectively randomized 
controls. Such trials are needed to overcome the biases 
discussed carlier, which occur in less well-designed 
studies. It should be understood, however, that no 
studies so designed using repetitive PSA and DRE 
screening have yet been completed, and because of 
difficulties with carly cross-overs on the unscreened 
arm, it is uncertain whether trials underway can be 
completed. 

A second factor is that because prostate cancer is 
often a disease of elderly men who have competing 
causcs of demise, it is widely recognized that individu- 
als with prostate cancer often die with their disease 
rather than of it. Groups that do not support screening 
say that even though the malignancy is extremely 
common, it is the actual cause of death in only a small 
proportion of patients who have histologic evidence of 
prostate cancer (if one includes autopsy cancers) (47). 
With only 20-25% of patients clinically diagnosed 
with prostate cancer actually dying from the cancer 
itself, it is considered by some to be a ‘low-risk 
discase’. 


A corollary to these considerations is that prostate 
cancer is a relatively slow-growing malignancy, often 
taking 10 years or longer to progress from localized to 
metastatic disease, and even at advanced stages, 
responding dramatically to very low morbidity therapy 
(9). Given that many of the patients are already in their 
last few decades of life, a disease that is this indolent 
often will never affect the paticnt 

Moreover, while microscopic, latent cancers have 
been found on autopsy in 50-70% of older men, even 
if only 10-25% of these ‘autopsy cancers’ ever become 
clinically diagnosed and are not recognized for what 
they are, many men will undergo morbid, expensive, 
and necessary treatments for a condition that would 
never harm them (9, 48, 49). While estimates are that 
approximately 10% of what appear to be organ- 
confined tumors from radical prostatectomy specimens, 
might be considered clinically irrelevant based on grade 
of differentiation and tumor volume (5). This, along 
with failure to sce a major shift in tumor grade at diag- 
nosis with wide-scale PSA testing, would confirm that 
PSA screening is not detecting a large number of 
‘autopsy cancers’. 

Additional arguments against general screening 
revolve around the low specificity of PSA (or its 
modifications), and the morbidity, rare mortality, and 
considerable expense of the evaluation it leads to. Even 
the biopsy, the part of the screening procedure with the 
highest risks, can cause problems such as febrile reac- 
tions, hemorrhagic complications, urinary retention, 
trauma to structures such as the urcter, pubic bone, ter- 
minal ileum, and finally, death (50). While no more 
than 2-3% of men under going TRUS-guided biopsy 
experience any complications, if 600 000-800 000 
biopsies are performed each year in the United States to 
diagnose 179 000 new cases, then 12 000-24 000 men 
will experience complications of those biopsies, often 
cancer being present. Indecd, pessimists argue that PSA 
only increases the expenses of the discase, increases the 
number of invasive prostatic biopsics, and increases the 
stress and anxiety of older men as they fret about this 
lab value (51). 

Since for screening to be valuable there must also be 
effective treatment for early-stage disease at diagnosis, 
a final reservation is that available therapics are not 
always effective, yet they arc associated with consider- 
able morbidity and expense. Expectant management of 
clinically localized prostate cancers has been embraced 
by many, but the majority of men who have life 
expectancies over 10 years are likely to die from 
prostate cancer with such strategies (25). Perhaps this 
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is why Sweden has onc of the highest prostate cancer 
death rates in the world (2). It is beyond the scope of 
this chapter to discuss in depth the therapics for local- 
ized prostate cancers and thcir associated morbiditics. 


Benefits of prostate cancer 
screening 


Outcome data that benefit in a survival from the 
disease in favor of screening truly defines success for a 
screening program. We do not have the data yet for 
prostate cancer. If one accepts 10 years as an average 


time course for prostate cancer to become a problem in 


men diagnosed with localized disease, and PSA testing 
is thought to provide a lead-time of approximately 5 
years (23), it is likely to be up to 15 years after wide- 
spread PSA testing became popular for one to assess 
the effects of PSA screening on mortality. However, 
there are already a few early indicators for effectiveness 
of a screening program. With screening one should see 
disease incidence increasing at first with detection of 
the backlog of clinically occult cases, then leveling off 
at a ‘steady state’ rate higher than the pre-screening 
incidence. Also, there should be a downward shift in 
age and stage at diagnosis. Indeed these expected 
events have each been seen. The rapid escalation in the 
incidence of prostate cancer from 1988 to 1992 was 
probably due to PSA screening. After the peak in 1992, 
it has been progressively declining to near the baseline 
levels. Mortality has also recently begun to decline as 
well, reaching a peak of 44 000 deaths in 1997 in the 
USA, and subsequently dropping by 12% over the next 
2 years (3). This decline, occurring 8-9 years after ad 
lib screening became widely practiced, follows closely 
the predicted time course if early detection and therapy 
are to be effective. In one of the first prospective, ran- 
domized, large-scale trials (and somewhat controver- 
sial), more than 46 000 men were randomly allocated 
to be screened or to receive no screening. Labrie found 
a highly significant three-fold reduction in prostate 
cancer death over an 8-year period, in favor of men 
who were screened. In most European countries, one in 
two patients with prostate cancer will succumb to the 
disease itself; yet in the US, where screening is much 
more common, the ratio is reduced to once in five (2). 

It is true that earlier detection will incur a certain 
amount of lead-time bias in survival statistics. 
However, the shift in age and stage should be viewed 
as a sign of screening cffectiveness, in that the disease is 


being detected sooncr. For any chance of a higher cure 
rate or increased survival, stage migration must occur 
to a more curable stage for treatment to be effective. It 
has been shown thar the likelihood of a progression- 
free course after radical prostatectomy was increased 
for patients with PSA-detected cancers (T1c) in com- 
parison with those who had palpable cancers (T2) (52, 
53, 54). The combination of expected increased inci- 
dence, decrease in age at diagnosis, and downward 
stage migration, seen in an effective screening program, 
should result in an increased detection of organ- 
confined diseasc, when the hope for cure is realistic. 

There are concerns that prostate cancer screening 
with PSA is disproportionatcly finding and treating 
insignificant cancers, also called over-diagnosis. 
Current data indicates that not more than 8-10% of 
surgical specimens subsequently have the pathological 
appearance of being a non-lethal form of prostate 
cancer (49). In general, US prostate cancer detection 
rates in first-round screening have been found in the 
range of 2.5-5%, compared to breast cancer screening 
detection rates of 0.2-0.5%. PSA appears to have a 10- 
fold greater detection rate than mammography for a 
disease with similar incidence and mortality rates (55). 
However, as appropriate, after 1, 2, and 3 years the 
detection rate drops significantly to about 0.5%. In this 
case it is the lower sensitivity that precludes finding the 
insignificant tumors, and is desirable in that it reduces 
risk of over-diagnosis, and possible resulting over-treat- 
ment. 

Some contend that the sharp rise in prostate cancer 
detection that accompanied the advent of PSA testing 
caused a shift in tumor grade to less aggressive tumors 
that may not be clinically significant. Instead, about 
75% of the increase was found to be due to moderate 
tumors of a Gleason score 5-7, and only an 8% rise in 
lower grade tumors (9). This and other evidence 
confirms that screening programs based on PSA testing 
will detect mainly clinically significant malignancies 
that are likely to progress. Although length-time bias 
may theoretically be a confounding factor in prostate 
cancer, the biological characteristics of the disease 
suggest this is unlikely (9). It has been found through 
serum PSA values that even the higher grade tumors 
themselves have doubling times that exceed 2 years 
(56, 57). Therefore it is unlikely that annual screening 
is ‘missing’ the aggressive tumors. In summary, it 
appears that PSA-based community screening is 
markedly increasing the percentage of clinically local- 
ized cancers at diagnosis without a significant concomi- 
tant rise in detection of clinically unimportant cancers. 
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If assessing the effectiveness of prostate cancer 
screening is complex, estimating cost-effectiveness is 
even more difficult. While an individual PSA test is rel- 
atively inexpensive at about $30, the expenses seem to 
multiply in the next step if the PSA value is abnormal. 
The TRUS, random biopsy, and pathological interpre- 
tation cost between $500 and $1500. This, coupled 
with the high incidence of prostate cancer and that 
there are three negative biopsics for every one diagnosis 
of cancer, has lcd to estimates of nationwide prostate 
cancer screening costing $8.5-25.7 billion for the first 
year. While these costs do appear exorbitant when 
taken at face value, when compared to other screening 
practices directly, they are less worrisome. The cost of 
diagnosing onc case of prostate cancer at the first visit 
has been evaluated at $3000, well below the costs of 
diagnosing one case of breast or cervical cancer, malig- 
nancies for which regular screening is widely advo- 
cated. Prostate cancer screening costs per 
quality-adjusted life-year saved of $14 200-51 267 
appear compatible to those of other diseases such as 
breast cancer screening (55). The costs of treating a 
localized cancer is less now than previously, because of 
mandates of American health economics. However, 
further studies are needed to clarify the costs of treat- 
ing late stage discase and patients dying from prostate 
cancer. 

Is prostate cancer really a low-risk disease? Issues are 
changing as the demographics of the worlds population 
is changing. A 67-year old man diagnosed with local- 
ized prostate cancer in the US now has an average life 
expectancy that exceeds 15 years, tremendously 
increasing his risk of eventually suffering from metasta- 
tic prostate cancer. The best available population-based 
cohort study of conservative management, done by 
Albertson et al., shows that prostate cancer is not as 
indolent as suggested (23). Men with moderately differ- 
entiated tumors (75% of all tumors) lost 4-5 years of 
life and those with poorly differentiated tumors lose 
6-8 years of life. In Sweden, records showed the rela- 
tive survival of the men with prostate cancer was only 
45% of controls at 10 years, or in other words men 
with prostate cancer Jost an average of 40% of the 
remainder of their lives (58). Half of the men dying 
with prostate cancer are under 75 years of age, and a 
considerable proportion is under 65. Obviously none 
of these men want to hear that prostate cancer only 
kills a ‘small proportion’ of men with the disease. Even 
if prostate cancer is racing with co-morbidity for cause 
of death of the patient, a 50% death rate for one of the 
most prevalent cancers in men in the world is still a 


considerable number of deaths. As Charles R. Smart 
said (48): 

... Because a patient dies of a heart attack docs not mean thar 
he would not have died of prostate carcinoma had he lived 


longer, nor does it mean that his malignancy is any less 
virulent. ... 


Conclusions 


Currently, no unequivocal recommendation can be 
made for prostate cancer screening. llowever, were it 
to be carried out, it would likely be restricted to men 
with at least an 8-10-year life expectancy, who would 
be willing to accept the morbidities of curative treat- 
ment, were prostate cancer diagnosed. Randomized 
prospective studics are underway to evaluate the 
efficacy of PSA/DRE screening, which should address 
lead-time bias and length-bias sampling issues. 
However, it will be another decade before results are in 
from such trials in terms of screening’s impact on 
prostate cancer mortality. In the absence of such data, 
it must be recognized that since PSA screening became 
popular around 1988-90, reductions in mortality from 
this disease should become apparent 10 years later, if 
screening is effective. This has been seen. While there 
are other explanations for these reductions in disease- 
specific mortality, certainly the impact of wide-scale 
screcning has to be strongly suspected, particularly in 
the absence of significant advances in the cfficacy of 
curative therapies. 
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Introduction 


Prostate cancer is now the most common malignancy 
and the second highest cause of cancer death of men in 
Western society. Because the disease is very heteroge- 
neous in terms of grade, genctics, ploidy, and oncogene 
expression, its biological and molecular characteristics 
are complex and no ideal single model for its study 
exists. Such a model would have a reasonably slow 
doubling time, be androgen-dependent (AD) or andro- 
gen-sensitive (AS), produce prostate-specific antigen 
(PSA), metastasize to lymph nodes and bone, and 
progress to an androgen-independent (AI) state after 
castration (1). Prostate cancer rarely arises sponta- 
neously in animals, and the human cancer cells are par- 
ticularly difficult to grow in culture or as xenografts in 
immune-deprived mice, even short term. Morcover, 
human and animal prostates differ in their anatomy, 
cellular content, and in the development of sponta- 
neous benign hyperplasia, which commonly occurs in 
men as they age but rarely in other species. Existing 
prostate cancer models include rodent models, human 
cell lines (in the main derived from metastatic 
deposits), gene transfer, and transgenic models. Only 
the transgenic models provide the spectrum of disease 
as it occurs in men, with progression from prostate 
intra-epithelial neoplasia (PIN) through AD to AI 
disease with metastases. Other systems have been 
devised to study phenomena such as bony metastases 
of prostate cancer cells. The in vivo systems provide the 
appropriate cellular milicu allowing for epithelial 
cell-stromal cell interactions that are crucial to the 
behavior of prostate cancer cells. This chapter provides 
a critical appraisal of the models and their use in 
studies of disease progression, and for testing new ther- 
apeutic strategies. 


The normal prostate elements 


Human prostate 


Although universal in mammals, the prostate differs 
among species by anatomy, biochemistry, and pathol- 
ogy (Table 8.1). The human prostate comprises 70% 
glandular elements and 30% fibromuscular stroma; it 
develops from the urogenital sinus by stimulation with 
dihydroxytestesterone (DHT) (2). McNeal (3) replaced 
the lobular view of the prostate with the concept of 
concentric zones, the prostate having four zones, cach 
in contact with a different arca of the urethra. The 
peripheral zonc contains 75% of the glandular content 
of the prostate and is the predominant site for adeno- 
carcinomas, while the transition zone contains < 5% of 
the glandular content but is the predominant site of 
benign prostatic hyperplasia (BPH) (4). In human BPH, 
both glandular and stromal overprtoliferation occur 
resulting in clinical symptoms related to pressure on 
the urcthra (5). 


Rodent prostates 


Unlike the ‘merged’ prostate structure that occurs in 
man, the rodent prostate consists of anatomically dis- 
tinct lobes. The dorsal or dorsolateral lobe of the 
mouse, rat, and guinea-pig prostate shows histologic 
and biochemical homology to the human prostate 
peripheral zone (6, 7). The epithelial to stroma ratio in 
the mouse and rat prostate is ~5:1, but increased 
growth shifts the ratio towards the stromal component 
(8). The epithelial to stroma ratio in the guinea-pig 
prostate decreases during adulthood until the prostate 
becomes ~75% stroma at 2 years of age, the equivalent 
of 70 years of age in humans (9). 
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Table 8.1 Characteristics of the prostate gland among species 
Species Lobes zones BPH BPH site BPH CaP CaP site Other 
(Spon) (Predominant) Epithelium/stroma (Spon) (Predominant) properties 
involvement 
Human — Peripheral Yes Transition Epithelium Frequent Peripheral — Peripheral 
- Transition & stroma contains 75% 
-= Central of prostate 
- Anterior glandular 
fibromuscular content 
stroma 
Mouse - Dorsolateral* = No - - No - - Induced BPH 
(dorsal + lateral) & CaP 
~ Ventral 
- Anterior 
Rat - Dorsal Yes Dorsal Epithelium Rare Dorsolateral - Induced BPH 
(dorsolateral)* Lateral & CaP 
- Lateral 
- Ventral 
- Anterior 
Guinea-pig - Dorsal* Yes Dorsal Stroma No - - Smooth 
pig -= Lateral muscle 
- Anterior component of 
human BPH 
Canine - Homogenous Yes Homogenous Epithelium Frequent Homogenous  - Spon PIN 
cpithelium* epithelium epithelium - Induced BPH 
- Minimal 
stroma 
present 
Primate - Caudal” Yes Caudal Epithelium Rare Caudal - Spon BPH in 
- Cranial & stroma chimpanzees 


- Induced BPH 
in baboons 

- Chimpanzee 
& 
cynomolgus 
monkey are 
most similar 
to human 


* Homologue to human peripheral zone. 


BPH, benign prostatic hyperplasia; CaP, prostate cancer; Spon, spontancous; PIN, prostatic intraepithelial neoplasia. 


Spontaneous and induced hyperplasia and adenocar- 
cinoma has been observed in the rat dorsal prostate in 
several studies. Despite the anatomical differences from 
the human prostate, tumors induced in rat models have 
provided valuable models for the study of prostate 
cancer duc to their dependence on androgen as a tumor 
promoter (10). Spontaneous hyperplasia occurs as a 
result of aging in Brown Norway rats (11) and can be 
induced in rats by hormone or carcinogen treatment 
(10). Rat BPH is characterized by mainly epithelial 
hyperplasia (11). In contrast, age-related spontaneous 
BPH in the guinea-pig prostate is characterized by 
stromal hyperplasia similar to the human but with no 


epithelial component (9). The lobes of the mouse 
prostate rarcly show spontaneous pathologic change 
with age although prostate hyperplasia and cancer has 
been induced in several lines of transgenic mice. 


Canine prostate 


The canine prostate docs not display distinct lobular 
structure but is histologically homogenous consisting 
predominantly of epithelium with minimal stromal ele- 
ments. Whilst the epithelium resembles that of the 
human prostate peripheral zone, there is no surrounding 
fibromuscular stroma (12). The canine prostate serves as 
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a model for BPH, PIN, and adenocarcinoma (13-15). 
The dog is the most widely used model of BPIL, but it 
correlates poorly with the human condition, since 
induced and spontaneous canine BPH contain diffuse 
epithelial proliferation but no stromal hyperplasia, and 
there are no clinical symptoms of BPH (16). However, 
the canine is the only non-human species where prostate 
cancer occurs frequently. Clinically aggressive disease 
with metastases arises spontancously with age, and high- 
grade PIN is often present in older dogs (14, 15). 


Primate prostates 


Primate prostates consist of cranial and caudal lobes 
with the cranial similar to the central zone of the 
human prostate and the caudal homologous to the 
transition and peripheral zones (17). Spontaneous and 
induced hyperplasia is predominantly found in the 
caudal zone, and sporadic cases of prostate cancer have 
also been documented (18). The human and chim- 
panzee prostates show particular anatomic and physio- 
logic similarity: the chimpanzee prostate is 
histologically heterogeneous with ducts and acini sur- 
rounded by stroma, has poor lobal separation, utilizes 
DHT for growth and development, and produces many 
of the same proteins as the human prostate (17). The 
chimpanzee develops spontaneous BPH similar to 
human BPH in pathologic and clinical variables includ- 
ing prostate volume, PSA, histologic BPH, and urody- 
namics (16). The baboon also develops BPH: hormonal 
stimulation causes glandular and stromal hyperplasia 
in the caudal zone (19). Among the monkcy species, 
the cynomologus monkey prostate is the most similar 
to the human prostate. Unlike other monkey species, 
the cranial lobe is partly incorporated into the dorsal 
area of the caudal lobe creating a transition zonc, and 
considerable stroma is present (20). 


Prostate cancer in rodents 


Different models mimic various aspects of the clinical 
disease. Rodent models arc popular because they are 
relatively casy to use and economical in large numbers. 
Differences exist regarding the site of origin in sponta- 
neous and induced transplantable models depending on 
the strain of rat and the protocol or carcinogen used. A 
recent workshop on animal models of prostate cancer 
(10) lists the characteristics and perceived strengths and 
limitations of rodent modcls of prostate cancer. 


Spontaneous 


Spontaneous tumors include the Pollard rat tumors in 
Lobund-Wistar (L-W) and Sprague-Dawley rats (21, 
22), and ACI/Seg cat prostate cancers in aging August x 
Copenhagen hybrids (23, 24). Low tumor incidence 
and long latency periods, as well as a lack of metas- 
tases, limit the practicality of these models, which have 
been described elsewhere in detail (10, 25, 26). The 
best known model is the Dunning R-3327 rat prostatic 
adenocarcinoma model derived by the passage of a 
spontaneous prostate tumor discovered at autopsy in a 
Copenhagen rat (27). Subcutaneously (sc) implanted 
tumors become palpable in ~60 days and histologically 
arc well-differentiated adenocarcinomas with both 
glandular and stromal elements. Multiple well-charac- 
terized sublines indicative of cancer progression have 
been developed (28), including AS lines (H) and Al 
tumors (A subline), which lack Sa-reductase and 
androgen receptors (29) and metastatic (30) sublines. 
Cell lines derived from the models are transfectable, 
transplantable, and produce reproducible metastases. A 
limitation of this model is the expression of non-pro- 
static proteins by the H subline (31). Nevertheless, the 
Dunning model has demonstrated utility by identifying 
genes important in the prostate, such as KAI-1, CD44 
and beta-thymosin (32). 

The Shionogi mouse mammary carcinoma (SC-115) 
was established from a mammary adenocarcinoma but 
after passage in male DD/S mice was found to be AD. 
Serial passage has generated variant lincs, which 
include AI lines, as well as thosc sensitive to estrogens 
and glucocorticoids. These lines are useful for studies 
of intermittent androgen therapy and for analysis of 
the mechanisms involved in the generation of androgen 
independence (25, 33). 


Induced 


Prostate tumors have been induced by chronic adminis- 
tration of testosterone in Lobund-Wistar (34), and 
Noble rats (35, 36), illustrating the critical role of 
androgens as promoters in the pathogenesis of prostate 
cancer. Chemical carcinogens have also been used to 
induce prostate cancers in Fischer F344 and Wistar 
(37) rats. The features of these models have been sum- 
marized elsewhere (10). Recently, studies of hormonc- 
induced tumors in Noble rats indicated that insulin-like 
growth factor-1 (IGF-1) changed from paracrine pro- 
duction by stromal cells to an autocrine loop in 
prostate epithelial cells during cancer induction (38). 
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The use of intraprostatic rather than intravenous (iv) 
administration of N-methyl-N-nitrosurea to Wistar rats 
increased the incidence and decreased the latency of 
prostate neoplasms and prevented the formation of 
tumors in other organs typically found after iv injection 
(39). Whilst induced prostate tumors show differences 
in their location in regions of the rat prostate-scminal 
vesicle complex (40) depending on the agent used for 
induction and the strain of rats, they are particularly 
useful for studies of chemoprevention and dietary mod- 
ulation, and most develop a high incidence of invasive 
carcinomas, although bony metastases are rare. They 
do allow studies of the progression of disease. Cell lines 
have been derived from spontaneous ACI/Seg rat 
tumors, from Lobund—Wistar and from chemically 
induced Wistar rat tumors (10). 


Human prostate cancer cell lines 


Lines derived from human tumors 


Most human prostate cancer cell lines (Table 8.2) have 
been established from metastatic deposits with the 
exception of PC-93 (41), grown from an AD primary 
tumor (43). However, PC-93 and other widely used 
lines, including PC-3 (43, 44, 45), DU-145 (46), and 
TSU-PR1 (47), are all Al; all lack androgen receptors 
(with the possible exception of PC-93), PSA and Sa- 
reductase; and all produce poorly differentiated tumors 
if inoculated into nude mice (48-51). Until very recently, 
the paucity of AD cell lines has made studics of the early 
progression of prostate cancer using human material 
very difficult. However, metastatic sublines of PC-3 have 
been developed by injection of cells into nude mice via 
different routes, especially orthotopically (52). 

Until recently, the LNCaP cell line, established from 
a metastatic deposit in a lymph node (49) was the only 
human prostate cancer cell line to demonstrate andro- 
gen sensitivity. After its initial characterization, several 
laboratories found LNCaP cells to be poorly tumori- 
genic in nude mice (53-60) unless co-inoculated with 
tissue-specific mesenchymal or stromal cells (61) or 
Matrigel (62), emphasizing the importance of extracel- 
lular matrix and paracrine-mediated growth factor in 
prostate cancer growth and site-specific metastasis (63). 
New lines were obtained by culturing LNCaP cells that 
had been grown in castrated mice (49). The C-4 
LNCaP line is AI, produces PSA and a factor that stim- 
ulates PSA production, and the C4-2 and C4-2B lines 
metastasize to lymph nodes and bone after subcuta- 


neous or orthotopic inoculation (49, 50). Orhers have 
also selected more highly metastatic cells (52) by serial 
reinjection into the prostate of prostate cancer cell 
lines. The LN-3 cells derived from the LNCaP line by 
this method arc more metastatic to liver, less sensitive 
to androgen, and produce high levels of both PSA and 
prostate specific membrane antigen (PSMA). The 
LNCaP line expresses a mutated androgen receptor 
(AR). Some mutations of the AR are associated with 
stimulation of the cells by antiandrogens, causing 
concern over the use of drugs such as finasteride for the 
treatment of late stage prostate cancer. The subline, 
LNCaP 104-R2, manifests this phenonemon (51). 

Recently, new androgen-responsive lines have been 
established. The MDA PCa 2a and MDA PCa 2b lines 
were both isolated from a single bone metastasis from a 
black American who had AI prostate cancer. They both 
express PSA (MDA PCa 2a produces 0.43 and MDA 
PCa 2b, 0.67 ng/ml of PSA/g of tumor), are AS and both 
grow in nude mice; they differ in their morphology in 
vitro and in thcir karyotypes, and are thought to repre- 
sent distinct clones from the same tumor (53). The 
ALVA101 (54) line is also AS; these cells respond to Sa- 
DHT by up-regulating an autocrine loop involving cpi- 
dermal growth factor receptors (EGFR) and their ligand, 
transforming growth factor-a (TGFa) (64). Other ALVA 
lines have also been used (AI.VA-34 and AI.VA-41, 65) 
but information about them is scarce. 

An unusual cell line, ARCaP (55), was derived from 
prostate cancer cells in ascites fluid of a man with 
metastatic disease, and exhibits androgen- and estro- 
gen-repressed growth and tumor formation in 
hormone-deficient or castrated mice. These cells 
express low levels of AR and PSA and are highly 
metastatic when inoculated orthotopically. Androgen- 
repressed prostate cancers are thought to occur only 
very late in the progression of the disease. Other 
human prostate cancer cell lines used in research 
include CRL-1740 (66), PPC-1 (which is Al) (67), and 
CPA (68), but there is little information about these 
lines and thcir properties. 

Molecular analyses have shown that many of the cell 
lines contain p53 mutations (Table 8.2), consistent 
with the finding that p53 mutations occur in late stage 
prostate cancer. In some cases, alterations of other 
oncogenes/suppressor genes have been observed. The 
DU-145 line shows a mutation in the p16 genc, 
involved in cell-cycle control (45). Relatively few of the 
lines express PSA, or prostate-specific membrane 
antigen (PSMA), which has been shown to be over- 
expressed in late-stage prostate cancers in man (69). 
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Table 8.2 Characteristics of malignant human prostate epithelial cell lines 


Prostate cancer 


Cell line 


PC-93 


PC-3 


DU-145 


TSU-PR1 


LNCaP 


Sublines: 


C4-2B 
P104-R2 


LN-3 


ALVA101 


ARCaP 


LACP-4 


Origin 


AD primary 
prostate 
cancer 
Lumbar 
Metastasis 


Central 
nervous 
system 
metastasis 


Cervical 
lymph node 
metastasis in 
Japanese man 
Lymph node 
metastasis in 
white male 


AI bone 
metastasis 
from black 
American 
AI bone 
metastasis 
from black 
American 
Bonc 
metastasis 
Ascites from 
man with 
metastases 
Grown from 
xenograft 
from 
advanced 
prostate 
cancer 


Androgen 


receptor 


? 


$ 
mutated 


Androgen 
sensitivity 


Al - 


Al - 


Al 
Al + mets 


Al + mets 
Stimulated 
by 
finasteride 
Less 
sensitive 
than 
LNCaP 
AS 


AS 


AS + 


Androgen NR 
repressed 


AS NR 


Sa-reductase 


PSA PSMA pS3/other 


+++ 


NR 


NR 


++ 


NR 


NR 


NR 


NR 


NR 


features 


NR 


Deletion 
mutation of 
p53 (42) 
Mutated p53, 
pro to leu 
codon 223; 
val to phe 
codon 274 
(44) 

Has mutated 
p16 codon 84 
(45) 

Mutated p53 
(42) 

(has mutated 
H-ras) 

Silent 
mutation of 
p53 (42) 


Low levels of 


functional 
p53 


NR 


NR 


NR 


NR 


AI sublines 
express high 
levels of 
HER/2-neu 
(56) 


Ref 


41 


43 


46 


47 


48 


49 
50 


51 


52 


53 


53 


54 


55 


57 
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Table 8.2 Characteristics of malignant human prostate epithelial cell lines continued 
a 
Cell Line Origin Androgen Androgen Sa-reductase PSA PSMA pS3/other Ref 
receptor sensitivity features 
Zeune o ee E a 
Immortalized cell lines: 
P69SV40T Immortalized NR NR NR NR NR Express 58 
by transfection EGFR and 
with TGFa 
SV40large T 
RWPE-2 RWPE-1 cells + + NR + NR Express HPV-18 59 
immortalized E7 protein; 
by HPV-18, mutated Kiras 
then infected 
with Ki-MuSV 
to induce 
tumorigenicity 
CA-HPV-10 Immortalized NR NR NR NR NR Cytogenctic 60 
10 using HPV-18 abnormalities 


ee 


Immortalized cell lines 


Several new immortalized non-tumorigenic, as well as 
tumorigenic, adult human prostatic epithelial cell lines, 
which express functional characteristics of prostatic 
epithelial cells, provide additional in vitro cell models 
for studies on prostatic neoplasia. Researchers have 
immortalized cells (Table 8.2) by transfection with an 
SV40 construct containing the SV40 large-T antigen 
gene (58) or by transfection with plasmids containing a 
single copy of the HPV-18 genome (59, 70, 71). In 
each case, the viral proteins used interact with p53, 
indicating that loss of p53 function may be extremely 
important for the growth of prostate cancer cells. The 
use of HPVs for immortalization is based on observa- 
tions that around 40% of prostate cancers contain 
DNA from either HPV-16, -18, or -33 (72, 73), sug- 
gesting a possible role for HPV in prostate cancer. 
Further transformation of immortalized cells with the 
Ki-ras, based on observations of Ki-ras mutations in 
prostate cancer (73), was performed in order to make 
the cells tumorigenic (59). In addition, a stromal 
myofibroblast line has been established for studies of 
epithelial-stroma! interactions. This line, WPMY-1, 
immortalized with SV4OlargeT, cxpresses smooth 
muscle alpha-actin and vimentin, is positive for AR, 
large-T Ag, heterogeneous for p53 and pRb, and grows 
in serum-free medium (74). Conditioned medium from 
WPMY-1 cells causes marked inhibition of growth of 
WPE1-10 epithelial cells, immortalized from the same 
prostate. Other lines immortalized using HPV-18 
include PZ-HPV-7 (normal prostate) and CA-HPV-10 
(primary prostate cancer), which show multiple cytoge- 


netic changes (60). E7 and E7-transforming proteins of 
HPV-16 have been used to establish 14 immortal 
benign or malignant prostate epithelial cell cultures 
from primary adenocarcinomas (75), and these lines 
have used to study allelic loss of heterozygosity (LOH). 
LOH at chromosome 8p was seen in tumor-derived 
lines, but not those from autologous benign prostatic 
epithelium. 

In a similar fashion, normal rat prostate epithelial 
cells immortalized with SV-40 large T antigen have 
been used to study the progression to AI and malig- 
nancy in Copenhagen rats (76). The immortalized cells 
were transfected with v-H-ras and c-myc to create inva- 
sive cancer lines. 


Primary cultures 


Stromal-epithelial interactions are pivotal in many 
aspects of prostatic biology. The investigation of 
factors that regulate these interactions, and the growth 
and differentiation of human prostatic cells, has been 
carried out using defined culture systems for both 
epithclial and stromal cells from primary prostate 
cancers (77-79). Using such systems, fibroblastic or 
smooth muscle cells can be promoted, maintained and 
investigated in a defined manner (80). 


Xenografts 


Xenografts provide the opportunity to study the expres- 
sion of human genes within an in vivo context and 
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within the particular organ environment of interest. 
They also allow an assessment of organ-preferred 
metastasis, and the evaluation of important principles 
such as reciprocal stromal cell/epithelial interactions in 
association with altered hormonal status (81). The limi- 
tations of these models include a poor take rate from 
fresh operation material, relatively poor metastatic 
potential when implanted sc and potential species— 
species interactions, which may influence tumor growth 
and progression (82). Apart from the growth of estab- 


lished cell lines in immune-deficient mice, other 


xenograft lines, which may or may not grow in tissue 
culture, have also been established. The CWR22 
xenograft line is highly AD in vivo and relapses to an AI 
line, CWR22R, after androgen withdrawal (83), thus 
providing a useful model for studies of the progression 
of human prostate cancer. PC-82 is one of several 
xenograft lines established in Rotterdam, PC-82 and 
PC-EW are AD prostate cancer xenograft lines (84, 85) 
useful for studies of androgen-receptor regulation (86). 
Honda and LuCap xenografts are also both AS (87, 
88). A series of xenograft lines established in nude mice 
from prostate cancer metastases, DUKAP-1 and 
DUKAP-2 (AS) and DU9479 (AI), have been used to 
confirm the alternative splicing of the fibroblast growth 
factor receptor 2 (FGF-R2), which has been shown to 
change from the FGF-R2 (IIIb) isoform (which has high 
affinity for keratinocyte growth factor) to the FGF- 
R2(IMc) isoform (with a high affinity for basic and 
acidic fibroblast growth factors). The above progression 
of prostate cancer in rats (89, 90) also occurs in human 
prostate cancer (91). The LuCaP23 xenograft series was 
established from different prostate metastases, two from 
lymph nodes (uCaP 23.1 and 23.8) and one from a 
liver metastasis (LuCaP 23.12) (92). The xenografts 
show glandular differentiation, are AS, express PSA, 
and show decreased PSA expression after androgen 
withdrawal. Two populations of cells are represented in 
LuCaP xenografts: a neurone-specific enolase (NSE)- 
positive population, which is also positive for Bcl-2, 
emerges after castration; whilst the other population is 
NSF-negative (93). FISH analysis indicates differences 
in chromosomal rearrangements between LuCaP 23 
and another xenografted line, RP22090, about which 
there is little information (94). The UCRU-PR-2 
xenograft line, established from a patient with primary 
prostatic adenocarcinoma, is a small cell carcinoma of 
the prostate that is NSE-positive and secretes pro-opi- 
omelano-corticotropin-derived peptides (95, 96). Cell 
lines have not been established i vitro from these lines. 
Xenografts propogated in SCID mice appear to grow 
more easily than those grown in nude mice. Six of eight 
explants from locally advanced or metastatic prostate 


cancer tissue were established (57) and grew in a 
manner that recapitulates the clinical transition from AS 
to AI growth, accompanied by micro-metastases. Four 
of these were PSA-positive and two, LAPC-3 and 
LAPC-4, showed chromosomal abnormalities and 
expressed wild-type ARs. LAPC-3 is AI, whilst LAPC-4 
is AS. The LAPC-4 xenograft has been propogated as a 
continuous cell line (Table 8.2), which retains its 
hormonc-responsive characteristics, but the xenografted 
line can progress to androgen-independence when 
grown in female or castrated male mice. In this model, 
the AI sublines express higher levels of HER-2/neu than 
the AS cells. Forced over-expression of HER-2/ncu in 
AD cells allowed ligand-independent growth. HER- 
2/neu activated the AR pathway in the absence of 
ligand and syngergized with low levels of androgen to 
‘superactivate’ the pathway (56). As in human prostate 
cancer, prostate cancer xenografts secrete PSA, which is 
complexed with a murine protease inhibitor with high 
homology to murine alphal-P1, and the percentage of 
free PSA is a characteristic of each xenograft linc tested, 
in agreement with patient values at the time of tumor 
harvest (97). 


Models for bone metastases 


Prostate cancer is unique in that it is osteogenic, result- 
ing in the formation of dense sclerotic bone with high 
levels of osteoblastic activity. A potential regulator of 
the tropism of prostate cancer to bone is a family of 
proteins that belong to the transforming growth factor 
B (TGF-B) family called bone morphogenetic protein 
(BMP), which is involved in stimulating bone forma- 
tion in vivo. Some BMPs and their receptors are 
expressed on prostate cancer cells. These receptors are 
regulated by androgen and can differentially modulate 
prostate cancer cell growth in response to BMP under 
different hormonal conditions (98). As xenografts 
grown sc in nude mice rarely metastasize, special 
methods have been developed to study bony metastases 
from human prostate cancers in experimental models. 
As mentioned previously, the C4-2 and C4-2B sublines, 
which were developed from LNCaP cells by co-inocula- 
tion with tissuc specific or bone derived mesenchymal 
or stromal cells in castrated mice, metastasize to lymph 
nodes and bone after subcutaneous or orthotopic inoc- 
ulation (49, 50). Intrafemoral injection has been used 
to establish osteoblastic bone lesions of PC-3, LNCaP, 
C4-2 and C4-2B4 in athymic (99) and SCID/bg mice. 
In the latter, osteoblastic tumors occurred in the bone 
marrow space within 3-5 wecks, and serum PSA 
showed a stepwise elevation with tumor growth (100). 
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Transgenic and reconstitution 
models 


The combination of advances in the hormonal control 
of reproduction, the harvest/manipulation and reim- 
plantation of fertilized embryos, and recombinant 
DNA techniques led to the advent of transgenic tech- 
nology nearly 20 years ago (reviewed in ref.101). The 
ability to stably introduce foreign genetic information 
into the mammalian cell line has been a landmark 
development in molecular biology shifting emphasis 
back to the whole animal as an expcrimental-model 
system. Transgenics offer a unique opportunity to 
study the effects of altered gene expression and ulti- 
mately carcinogenesis in the proper biologic milieu. 
The potential exists to create an animal model that 
faithfully represents the broad spectrum of human 
prostate cancer from carly to late stages allowing 
insight into key genetic events in tumor initiation and 
promotion and also serving as a tool to evaluate thera- 
peutics. The majority of transgenic studies involve 
restricted transcription of various genes with oncogenic 
potential through the usc of tissue-specific promoters. 
In prostate-directed transgenics (Table 8.3), a number 
of promoter elements have been investigated (102-108). 

Rat probasin is largely found in the dorsolateral 
region of the rodent prostate (109). Transcriptional 
activity is hormonally-regulated and begins in the 
prostate at sexual maturity (110). Transgenic mice 
bearing the minimal rat probasin promoter region (- 
426 to + 28) (PB) driving a chloramphenicol acetyl- 
transferase (CAT) reporter construct, displayed highly 
restricted expression to the prostate with the most pro- 
nounced activity in the dorsolateral prostate (111). In 
subsequent research, a large 11.5-kb fragment of the 
probasin promoter (LPB), containing upstream andro- 
gen and zinc regulatory regions, was able to direct high 
levels of reporter expression specifically to prostate 
epithelial cells in transgenic mice (112). 

Recent interest has focused on PSA, a scrine protease 
with nearly exclusive production by normal and, in 
most cases, neoplastic luminal prostatic epithelial cells 
(reviewed in ref.113). Its androgen-regulated promoter 
region has been isolated and characterized (114). 
Transgenic mice were generated bearing a reporter con- 
struct under the transcriptional control of the 632bp 
proximal PSA promoter or the 6 kb PSA promoter con- 
taining an upstream enhancer region (115). Transgene 
expression was not detected with the 632bp promoter. 
Mice bearing the 6-kb promoter demonstrated prostate- 
specific expression mirroring that seen in humans (115). 
In further research, transgenic mice harboring a 14-kb 


genomic sequence, which encompassed the entire genc 
and adjacent flanking sequences, had similar PSA 
expression patterns to those of humans (116). 

Several transgenic models have generated hyperplasia 
in the prostate. The apoptosis suppressing oncogene, 
bel-2, under transcriptional control of the C3(1) pro- 
moter resulted in increased cell numbers in the prosta- 
tic stroma and epithelium (117). In related models, 
MMTV-int-2/Fgf-3 (fibroblast growth factor member) 
and MMTV-kgf (keratinocyte growth factor, which is 
up-regulated in int-2 derived mammary tumors) caused 
prostate gland enlargement in transgenic mice (118, 
119}. Transgenic mice over-expressing the prolactin 
gene, also displayed dramatically enlarged prostates 
(120). Other transgenic models bearing MMTV-WAP 
(whey acidic protein) and metallothionine-TGF-a 
(transforming growth factor) devcloped hyperplasia of 
the coagulating gland epithelium (121, 122). 

The current transgenic models of prostate cancer 
that display the most potential utilize tissue-specific 
regulatory regions to target expression of the $V40 
large tumor antigen (Tag), which functions as an onco- 
gene by binding to, and interfering with, the p53 and 
Rb tumor suppressor gencs (123). Losses of wild-type 
p53 and pRb function are considcred to be critical 
events in prostate cancer progression (124). Separate 
models have been creatcd employing the 5’ flanking 
region of the prostate steroid binding protein C3(1) 
gene (102), the human fetal globin promoter (103), a 
region of the mouse cryptdin-2 genc (104), the long PB 
promoter (105), or the minimal PB promoter (106) to 
drive the expression of Tag. 

In the C3(1)-Tag model, male mice develop prostatic 
hyperplasia that progresses to adenocarcinoma in most 
animals by 7 months of age in the ventral lobe and 11 
months of age in the dorsolateral lobe, with occasional 
metastasis to lung (102, 125). The mice display a pro- 
gression from low- to high-grade PIN precursor lesions 
histologically resembling that found in humans (125). 
Female mice develop mammary adenocarcinoma in 
100% of the animals by 6 months of age (102). 

Transgenic mice from the fetal globin-Tag lines 
somewhat unexpectedly developed prostate tumors, 
brown adipose tumors, and adrenocortical tumors 
(103). In the line with prostate involvement, tumors 
originating from ventral and dorsal lobes showed 
mixed epithelial and neuroendocrine features and 
metastasized to lymph nodes and distant sites (126). 

The cryptdin-2 gene was able to direct Tag expression 
to neuroendocrine cells in the prostate. Transgene 
expression begins between 7 and 8 weeks of age result- 
ing in PIN within a week (104). Androgen-independent 
prostate cancer with local invasion develops rapidly with 
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Table 8.3 Characteristics of transgenic mouse models of prostate cancer 


Model Tissues involved PIN-CaP Metastasis Androgen Reference 
Progression (age of onset) status 
C3(1)-Tag Prostare—ventral most affected 8-2 28 weeks No Not 102 
Urethra Determined 
Mammary gland 
Salivary gland 
FG-Tag Prostate 16-20 weeks Lymph Androgen-independent 103 
Adrenals Adrenals 
Adipose Kidney 
Lung 
Bone 
Thymus 
(20 weeks) 
Cryptdin-2-Tag  Prostate-ncurvendocrine cells 8-> 12 weeks Lymph Androgen-independent 104 
Liver 
Lung 
Bone 
(24 weeks) 
LPB-Tag* Prostate—dorsolateral most affected 10-222 weeks No Androgen-dependent 105 
PB-Tag Prostate—dorsolateral most affected 7-2 12 wecks Lymph Variable 106 
(TRAMP) Lung 
Kidney 
Bone 
Adrenals 
(28 weeks) 
C3(1)-Py-MT  Prostate—ventral most affected 11 weeks (CaP) No Not determined 107 
Lung 
Vas deferens 
Epididymus 
Mammary gland 
Salivary gland 
Urethra 


Tag, $V40 large T and small t antigen; Tag*, SV40 large T antigen; C3(1), prostate steroid binding protein promoter; FG, 
human fetal globin promoter; LPB, 11.5 kb probasin promoter; PB, 454 bp probasin promoter; Py-MT, polyomavirus middle 


T; PIN, prostatic intraepithelial neoplasia; CaP, prostate cancer. 


eventual metastasis to lymph nodes, liver, lung, and 
bone by 6 months (104). This model demonstrates that 
prostate neuroendocrine cells are sensitive to transfor- 
mation and resulting cancer is highly aggressive (104). 

In the LPB model, a tag-dcletion mutant (without 
expression of the small t antigen) was able to transform 
prostate cpithelial cells of transgenic mice with an inci- 
dence of 100% by 10 weeks of age (105). Progression 
typically proceeds through hyperplasia, low- and high- 
grade dysplasia, carcinoma in situ, adenocarcinoma, 
and local invasion in a manner similar to the human 
condition but without evidence of metastasis (105). 
The model also exhibits multi-focality, reactive stromal 
proliferation, and androgen-dependent growth of the 
primary tumor. 

The PB-Tag (TRAMP, transgenic adenocarcinoma 
mouse prostate) model appears to closely mimic the 


human disease. Mice show highly specific prostate 
expression of the transgene by 8 weeks of age leading to 
the development of adenocarcinoma in the dorsolateral 
region as early as 10-12 weeks of age (106). Metastasis 
to the lymph nodes and lungs is present in 100% of mice 
by 28 weeks of age (127). A longitudinal cohort analysis 
of prostate cancer progression in this line showed that 
primary tumors became palpable by 10-38 weeks of age, 
with cancer death occurring between 24 and 39 weeks of 
age (128). Castration studies demonstrated that prostate 
cancer is variable in androgen-dependence as early as 12 
weeks of age (129). The TRAMP model reliably develops 
prostate adenocarcinoma that resembles the disease pro- 
gression of human prostate cancer. This model already is 
serving as a tool to investigate the basic science of 
prostate cancer initiation and progression (130), and to 
evaluate the efficacy of potential therapeutics (131). 
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In a different mode! of prostate cancer, the role of 
signal transduction in prostatic cpithelium transforma- 
tion was investigated through the generation of trans- 
genic mice bearing the polyomavirus middle T gene 
under transcriptional control of the C3(1) gene (107). 
Androgen-responsive urogenital tissues expressing the 
transgene showed disrupted growth and development 
with the presence of hyperplasia, dysplasia, and inva- 
sive carcinoma (107). Expression of the transgene was 
detected in the ventral and dorsal prostate, epididymis, 
parotid gland, seminal vesicles, coagulating gland, and 
also in unexpected sites like the lung where endogenous 
C3(1) is not detected in the rat (107). 

Thompson et al, (132) developed a transgenic gland 
model of prostate cancer (MPR, mouse prostate recon- 
stitution) by utilizing the ability of mesenchyme and 
epithelium from fetal urogenital sinus to form a mature 
prostate when grafted into the renal capsule of an adult 
mouse (133). Introduction of candidate genes into sep- 
arate compartments allows for the study of stromal 
and epithelial interactions in carcinogenesis. Following 
retroviral transfer of ras and myc to the dissociated 
urogenital sinus, the reconstituted prostate develops 
adenocarcinoma in a reproducible manner; while trans- 
fection with either ras or myc alone results in dysplasia 
or focal epithelial hyperplasia, respectively (132). 
Transfection of the urogenital epithelium with both cas 
and myc results in the development of carcinoma in 
80% of animals after 8 weeks when combined with the 
mesenchyme component. When urogenital mes- 
enchyme is transfected with ras and myc and combined 
with the epithelium component, the reconstituted 
prostate develops dysplasia in 100% of animals (134). 
Numerous studies of prostate carcinogenesis have been 
carried out in the MPR model, and resulting cell lines 
have been extensively utilized for basic and applied 
prostate cancer research (135, 136). 


Uses of pre-clinical models of 
prostate cancer 


The comparative utility of rodent models of prostate 
cancer was summarized in a recent workshop (10). Rat 
species that develop spontaneous prostate tumors are 
particularly useful for studies on mechanisms or 
enhancement of carcinogenesis and latency. In contrast, 
the biology of progression of prostate cancer can be 
studied in induced models that tend to become Al and 
show invasion and metastases. Experimental therapies 


for prostate cancer that metastasizes to the bone have 
used either Copenhagen rats, inoculated with R3327- 
MATLyLu (Dunning) prostate tumor cells with con- 
comitant clamping of the inferior caval vein, which 
results in bony metastases (137), or the SCID models 
injected intrafemorally with prostate cancer cell lines 
(100). Biodistribution studies in the rat model have 
indicated preferential uptake of '®*Rhenium-hydrox- 
yethylidene diphosphonate ('**Re-HEDP) in bone 
tissuc, particularly in areas of bone formation and 
turnover, suggesting that such treatment has potential 
for treatment of prostate cancer that has disseminated 
to the skeleton. Problems of myelotoxicity would need 
to be carefully considered (137). Subsequent studics in 
Chacma baboons, prior to clinical trials, indicated that 
the radiation dose delivered to the bone marrow by 
'6Re-HEDP did not cause detrimental effects in 
baboons (138). Other researchers have used promoters 
from osteocalcin to drive expression of gene therapy in 
bony metastases (55). 


Hormone therapy 


One of the mainstays of treatment for prostate cancer 
is androgen ablation, which can inhibit tumor growth 
when the cancer is AD or AS, However, prostate 
tumors can adapt to an environment with low andro- 
gen supply by using a hyperactive AR; the mechanisms 
involve mutations of the AR, generating receptors with 
broadened activation spectra, increased receptor 
expression and activation by interaction with other sig- 
naling pathways (26, 139). For these reasons, prostate 
cancer models have been widely used to study a variety 
of experimental hormonal manipulations, including 
those possibly suitable for AI disease. Intermittent use 
of hormone ablation in the LNCaP model prolonged 
the time until AI PSA production began (140). In 
LNCaP cells, an interaction occurs between the DNA- 
and ligand-binding domains of AR and the leucine 
zipper region of c-Jun. This association provides a link 
between the transcription factor, AP-1, and AR signal 
transduction pathways in the regulation of the PSA 
gene (141). Both LH-RH and GH-RH analogs have 
proved useful for treating PC-3 or DU-145 AT 
xenografts, and both appear to invoke increased 
expression of mRNA for IGF-II in the tumors 
(142-145). LH-RH vaccines have also been used to 
induce atrophy of the prostate in rat models (146) and 
may provide a cheap alternative to the use of LH-RH 
analogs. Photodynamic therapy given in vitro was 
more effective in LNCaP cells when pretreated with 
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DHT, suggesting an androgen-modulated effect on 
both uptake and phototoxicity (147). This effect was 
not observed in AI PC-3 cells in vitro. However, subse- 
quent studies in vivo using R3327-MatLyLu Dunning 
cells grown orthotopically in the ventral prostate, indi- 
cated that benzoporphyrin derivative monoacid ring A, 
combined with surgery, could inhibit both local 
primary tumor growth as well as reduce distant 
metastases (148). 


Novel therapies 


Metastatic human prostate cancer requires novel thera- 
peutic strategies in order to overcome its low proli- 
ferative rate and its resistance to conventional 
chemotherapeutic agents. Some new approaches, which 
have been tested in pre-clinical models of prostate 
cancer, include interruption of angiogenesis, generation 
of apoptosis, the use of targeted toxins, targeted using 
antibodies or growth factors, and transcriptionally tar- 
geted gene therapy. Many other prospective treatments 
have also been used but are outside the scope of this 
review. 

The use of antibodies either to target therapy to 
prostate cancer, or to inhibit prostate cancer cell func- 
tion, is returning to favor. An iodine (1) labeled mono- 
clonal antibody, !45I-E4, shows good localization to 
DU145 cells grown sc in nude mice, with an average 
radiation dose of 0.08 Gy/MBq after intraperitoneal 
injection (149). In other studies, based on the high 
expression of vascular endothelial growth factor 
(VEGF) by highly metastatic human prostate cancers 
growing orthotopically in athymic mice (150), a neu- 
tralizing antibody to VEGF (A4.6.1) has been shown to 
inhibit angiogencsis and to prevent tumor growth 
beyond the initial prevascular growth phase of DU145 
spheroids implanted sc (151). Others have inhibited 
angiogenesis and tumorigenicity of prostate cancer cells 
by inducing interferon 8 (IFN-8) expression in the 
tumor cells before implantation in nude mice (152). 
Toxins have been targeted to prostate cancer cells by 
using antibodies or ligands for receptors expressed by 
prostate cancer cells. Tumor sublines derived from DU- 
145 cells treated in vivo with a basic fibroblast growth 
factor-saporin toxin chimera (bDFGF-SAP) were able to 
modify the ligand-targeted receptor in order to gener- 
ate resistance indicating how to better design chimeric 
toxins (153). Of a series of toxins tested against 
prostate cancer cell lines using a clonogenic assay only 


diphtheria toxin (DT) and ricin had highly potent cyto- 
toxic activity. DT-mediated cell death was found to be 
both cell cycle and p53 independent, providing a good 
candidate for antibody-mediated application (154). 


Gene therapy for prostate cancer 


The pre-clinical models have been extensively used for 
a variety of studies of gene therapy for prostate cancer. 
These include corrective gene replacement to restore 
suppressor gene activity or to abrogate oncogene activ- 
ity, immunotherapy to augment the immune response 
against prostate cancer ex vivo or in vivo, and cyto- 
toxic reduction of prostate cancer using enzyme- 
directed pro-drug therapy (EPT) or specific approaches 
for the induction of apoptosis. Different viral delivery 
systems or naked DNA with liposomes and molecular 
conjugates have been used for these studies; their 
advantages and disadvantages have been reviewed 
elsewhere (155). 


Corrective gene therapy 


Numerous strategies to replace disabled tumor suppres- 
sor genes or inhibit aberrant expression of oncogenes 
are under investigation. As previously mentioned, p53 
mutations appear to play a significant role in prostate 
cancer, especially in aggressive human tumors (124). 
The p53 target gene, p21/WAF1, is a cyclin-dependent 
kinase inhibitor (156) involved in cell-cycle arrest at 
the G1 checkpoint. Transduction of Al human prostate 
cancer cell lines, with deleted p53 (human PC-3, TSU- 
PR) or which express mutated (DU-145, C4-2) p53 
(Table 8.2), with recombinant adenoviruses expressing 
wild-type p53 under the control of a CMV promoter 
(Ad-p53), caused growth inhibition in vitro and when 
injected into BALB/c nude male mice following trans- 
duction ex vivo (157, 158). A similar viral construct 
expressing p21/WAF1 inhibited the growth of a pre- 
established tumors of a p53-negative mouse prostate 
cancer cell line, 148-1PA, in 129/Sv mice (159) to a 
greater extent than Ad-p53. Based on the finding that 
Ad-p53 could inhibit the growth of pre-established 
DU145 tumors grown intrapcritoneally (ip) in male 
SCID mice (160), phase I clinica! trials of p53 gene 
replacement for advanced prostate cancer have been 
initiated (161). 
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Similar experiments have been performed to success- 
fully suppress the growth of DU-145 and PC-3 human 
tumor xenografts in BALB/c nude mice using recombi- 
nant adenoviruses expressing other putative suppressor 
genes under the control of a CMV promoter, including 
the progressive multi-focal leucoencephalopathy (PML) 
gene (162) and the cell-adhesion molecule, C-CAM1 
(163). 

Anti-sense strategies have been used to inhibit trans- 
lation (164) of oncogenes, which are over-expressed in 
prostate cancer. Such experiments, involving transfec- 
tion of MatLyLu cells prior to in vivo growth in rats, 
have indicated that TGF-81 can promote prostate 
cancer growth and aggressiveness (165), and should be 
a target for therapeutic intervention. Successful inhibi- 
tion of growth of cell lines and xenografts of DU-145 
cells has been obtained using anti-sense c-myc (166, 
167) leading to a clinical trial (161), as well as with 
anti-sense bcl-2 in LNCaP cells (168). The induced 
expression of bcl-2 allows the prostate cells to undergo 
apoptosis. 


Cytotoxic-reduction gene therapy 


Because the prostate gland can be surgically removed 
without killing the patient, it is possible to ‘target’ 
therapy to the prostate. This can be donc in two ways. 
A recombinant replication-competent virus, which is 
targeted using a PSA promoter to replicate only in 
prostate cells, was tested using LNCaP cells and 
xenografts (169); a clinical trial based on this work 
showed success in some patients. More recently, an 
enhancer element from the PSA (human glandular 
kallekrein, hK2) gene, or the prostate-specific antigen 
enhancer, together with the hK2 enhancer/promoter, 
were used to create variant Calydon viruses (CV763, 
CV764, respectively), which replicate in prostate tumor 
cells but are attenuated in non-prostate tumor cells cre- 
ating a high therapeutic index in LNCaP cells (170). 
Based on animal studies, this work has proceeded to 
clinical trial. Alternatively, enzyme-directed pro-drug 
therapy (EPT) can be used. For EPT, replication incom- 
petent viruses are used to deliver a genc that expresses 
a ‘toxin-producing enzyme’. A pro-drug delivered sys- 
temically is converted to a toxic metabolite, which both 
kills the cells expressing the enzyme and diffuses 
between cells to produce a local bystander effect (171, 
172), obviating the need to target every cell. Three such 


systems are currently under investigation for prostate 
cancer using pre-clinical models. 

Using herpes virus thymidine kinase (HSVTK) that 
phorphorylates the pro-drug, ganciclovir (GCV), that 
then interferes with DNA synthesis, significant cytotoxi- 
city against mouse and human prostate cancer cell lines 
in vitro and the mouse RM-1 line in vivo has been 
demonstrated (173). Pre-established RM-1 tumors in 
CS57BL/6 mice could be growth inhibited by administra- 
tion of Ad-TK with an RSV promoter when grown sc 
(174) or orthotopically (174). Moreover, experimental 
lung metastases induced by intravenous injection in the 
same model werc also inhibited indicating that this treat- 
ment may cause an immune response that may be uscful 
for targeting metastases. This ‘distant bystander effect’ 
was mediated largely by natural killer cells (NK) (175). 
A phase I clinical study using Ad-TK with an RSV pro- 
moter has recently been performed at Baylor College of 
Medicine, Houston (176) with promising results. 

Mammalian cells do not produce the bacterial 
enzyme, cytosine deaminase (CD), which can convert 
5-fluorocytosine (5-FC) to the cytotoxic agent, 5- 
fluorouracil (5-FU) (177, 178). Using a CMV pro- 
moter, adenoviruses expressing both HSVIK and CD 
have been used to transduce PC-3 cells that became 
sensitized to killing by GCV and 5-FC; radiation sensi- 
tivity was also increased by treatment with this EPT 
and pro-drug combination (179). 

The F. coli DeoD genc product, purine nucleoside 
phosphorylase (PNP), can metabolize adenine-based 
nucleotides (180, 181) to toxic non-phosphorylated 
purines, which because of their small molecular 
weight can diffuse readily within tissues creating an 
extensive bystander effect (182, 183). Moreover, 
drugs produced by PNP are effective against quies- 
cent and proliferating cells as they are incorporated 
into both RNA and DNA. They are thus very suit- 
able for prostate cancer, which has a low prolifera- 
tive index. Recent studies have indicated that tumor 
cells expressing PNP require only low pro-drug con- 
centrations compared to 5-FU to inhibit cell growth, 
and this could offer advantages over the HSVTK or 
CD EPT systems (184). Using a 630bp promoter 
from PSA to achieve tissue specificity, we have com- 
pared recombinant adenoviruses expressing 
HSVTK/GCV and PNP/6 methyl-purine deoxyribo- 
side (6MPDR; which is converted to 6 methyl purine 
by PNP) for their ability to kill PC-3 tumor cells in 
vitro (185) and in vivo (186). The Ad-PSA-PNP 
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virus/6MPDR system was far more efficient than Ad- 
PSA-HSVTK/GCV in vitro (185), but both systems 
inhibited growth of pre-established PC-3 xenografts 
in nude mice by around 75-80% with a 20% cure 
rate and with enhancement of host survival (186). 


Immunotherapy for prostate 
cancer 


Prostate cancer is poorly immunogenic, possibly due to 
its ability to modulate expression of the major histo- 
compatibility class I (MHC class I) antigens, which are 
required for cytotoxic T cell responses (187). Some 
potential prostate cancer specific antigens that may be 
targets for immune therapies have been identified. 
These include PSA, PSMA, prostate carcinoma associ- 
ated sialoglycoprotein complex (PAC), TAG-72, 
GAGE-7 and PAGE (188-191). A potential way to 
stimulate an immune response against prostate cancer 
is to express cytokines, such as interleukin-2 (IL-2), 
granulocyte-macrophage colony stimulating factor 
(GM-CSF) or interferon-gamma (IFN-y), each of which 
can up-regulate the immune response (155). Such 
approaches have used irradiated, ex vivo transduced 
prostate cancer cells, which are then injected into 
tumor-bearing animals to study their effects. When 
Dunning rat MatLyLu tumor cells were used, expres- 
sion of I].-2 was found to be more effective than GM- 
CSF in reducing tumor growth and in inhibiting 
metastases. IFN-y was not particularly effective. IL-2 
also provided protection against subsequent challenge 
(192). When MatLyLu cells were grown orthotopically, 
IL-2 prolonged survival (193), but there were no cures. 
These studies emphasize the importance of the ortho- 
topic model, since local immune influences in the 
prostate may differ substantially from those in the sc 
environment. When RM-1 mouse prostate cancer cells 
transduced ex vivo with a novel canarypox virus, 
ALVAC, were used for vaccination, of several 
cytokines, only TNF-a alone delayed tumor growth, 
whilst a combination of IL-2 and TNF- inhibited 
growth in C57BL/6 mice and SCID mice (194). These 
rodent expcriments have led to several clinical trials of 
cytokine therapy for patients with prostate cancer. 
The cytokine, interleukin-12 (IL-12), has also been 
tested against prostate cancer. Both tumor growth and 
experimental lung metastases of RM9 tumors in 
CS7BL/6 mice were inhibited by administration of Ad- 


CMV-IL-12; the anti-tumor effect appeared to be medi- 
ated by macrophages and T cells, whilst the anti- 
metastatic activity was due to natural killer cells (195). 
In the more aggressive RM1 model, Ad-IL12 (with an 
RSV promoter) decreased prostate tumor weights and 
the numbers of lung metastases were observed within a 
week of treatment; the activity was mediated through 
host-induced IFN-y resulting in Fas up-regulation and 
tumor cell death (196). A combination of 
HSVTK/GCV FPT therapy with IL-12 therapy, both 
delivered by an adenovirus, was more effective than 
cither alone against RM-1 tumors grown orthotopi- 
cally in mice (197). Other combination therapies may 
provide a better attack against metastatic as well as 
local cancer growth. 

A study of seven human prostate cancer cell lines, 
three from primary tumors and four from distant 
metastases, has shown that Fas cell surface expression, 
and thus sensitivity to Fas ligand (FasL), induced apop- 
tosis decreases with increased prostate cancer tumor 
stage (198). Tissue specimens from radical prostatec- 
tomies were found to have reduced expression of inter- 
leukin-18 converting enzyme (ICE), which plays a 
central role in the apoptotic pathway (199), suggesting 
a disruption of the apoptotic signalling pathway. The 
importance of this pathway for the growth of prostate 
cancer cells has been supported by gene therapy using 
Ad-FasL, which prevented growth and induced regres- 
sion of two human prostate cancer cell lines implanted 
in nude mice (200), 


Concluding remarks 


Research into the development of models of prostate 
cancer representative of the heterogeneity of the disease 
in humans has yielded numerous breakthroughs in 
recent years. The combination of pre-ncoplastic 
prostate models, early rodent models, human prostate 
cancer cell lines, xenografts with particular emphasis 
on distant site metastasis, and transgenics provides a 
great diversity of tools for the examination of prostate 
cancer and prostate cancer metastasis. Knowledge of 
the molecular mechanisms involved in the shift to inva- 
sive disease allows for the development of new treat- 
ment strategies. Existing models also serve to evaluate 
novel therapeutics in multiple stages of the disease 
encompassing AD and AI growth and the targeting of 
metastatic deposits. 
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Prostatic intra-epithelial neoplasia 


Introduction 


Prostatic intra-epithclial neoplasia (PIN) is defined as 
neoplastic growth of epithelial cells within pre-existing 
prostatic ducts or acini. High-grade PIN is considered 
most likely to be a precursor of prostate cancer. This 
lesion was first described by McNeal in 1969 (1), and a 
precise characterization and the term intraductal dys- 
plasia were introduced by McNeal and Bostwick in 
1986 (2). Later, the term prostatic intra-epithelial neo- 
plasia was proposed by Bostwick and Brawer in 1987 
(3) and endorsed by consensus in 1989 (4), Other 
terms used in the past for this entity include large 
acinar atypical hyperplasia, atypical hyperplasia, atypi- 
cal primary hyperplasia, and hyperplasia with malig- 
nant change (5-7). The term carcinoma in situ of the 
prostate is not recommended for this entity because of 
the uncertain natural history and bchavior of this 
lesion. 


Pathology of PIN 
Architectural and cytologic features 


Prostatic parenchyma is composed of epithclium and 
fibromuscular stroma. The prostatic epithelial cells 
form glands normally consisting of acini, ductules, and 
ducts that are often difficult to distinguish on H&E 
sections. There are at least three types of epithelia! cells 
in a normal prostatic gland: secretory cells, basal cells, 
and neuroendocrine cells. Most prostatic neoplasms, 
including adenocarcinoma and PIN, demonstrate the 
phenotype of secretory cells. 

In PIN, the epithelial cells proliferate in the ducts 
and acini, and become piled up and crowded forming 
pseudostratified layers (Fig. 9.1(a)). Enlargement, elon- 
gation, irregularity, and hyperchromasia of the nuclei 


are present, less notable in low-grade PIN (Fig. 9.1(b)) 
than in high-grade PIN (Fig. 9.1(c)). Mitotic figures can 
be seen occasionally (Fig. 9.2(a) arrows). Partial 
involvement of a duct or acinus by neoplastic cells is 
also common (Fig. 9.2(b)). Usually there is a matura- 
tion gradient from the periphery to the center of the 
gland with the more mature epithelial cells in the center 
(Figs 9.1(b) and 9.2(a)). A thin layer of basal cells can 
be recognized in the periphery (base) of the ducts or 
acini (Figs 9.1(c) and 9.2(a), arrowheads). The ducts 
and acini demonstrating PIN are often large and 
branching with a convoluted inner contour. The nuclei 
are often ovoid or cigar-shaped with the long axis per- 
pendicular to the basement membrane. The prescnce of 
prominent nucleoli, very similar to those seen in pro- 
static adenocarcinoma cells, is typical of high-grade 
PIN (Figs 9.1(c) and 9.2(a)) but not of low-grade PIN 
(Fig. 9.1(b)). 


Presence of basal cells in PIN 


A thin layer of basal cells, sometimes discontinuous, is 
present in PIN. Loss of basal cells is considered to be a 
hallmark of invasive prostatic adenocarcinoma 
(Fig. 9.3(a)) (8). The basal cells can be recognized by 
routine hemotoxylin and cosin (H&F) stain as a layer 
of flat or cuboidal cells at the base of a prostatic gland 
(Figs 9.1(c) and 9.2(a)). They often have clear cytoplas- 
mic halos around nuclei, which are especially obvious 
in tissue preserved in certain fixatives such as Bouin’s 
solution. Immunohistochemical staining with an anti- 
body for high molecular cytokeratins (348E12) can be 
used to identify the presence of prostatic basal cells in 
PIN and absence of basal cells in adenocarcinoma (Fig. 
9.3(b)), which may be helpful! in distinguishing PIN 
from invasive prostatic adenocarcinoma (8-10). 
Sometimes, the transformation between high-grade PIN 
and an early invasive adenocarcinoma can be high- 
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(b) 


Fig. 9.1 (a) PIN in low power; (b) low-grade PIN; (c) high- 
grade PIN, presence of neoplastic cells and basal cells (arrow- 
heads). 


Fig. 9.2 (a) High-grade PIN with mitoses (arrows) and basal cells (arrowheads); (b) partial involvement of a gland by PIN 
(right) indicated by arrows. 


lighted with immunostaining specific for prostatic basal | PIN-2 and PIN-3 (2). In a consensus meeting in 1989, a 
cells (Fig. 9.3(c)). two-grade system for PIN was recommended to replace 
this three-grade system because of its poor repro- 

. ducibility (4). In che two-grade system, PIN is divided 
High-grade versus low-grade PIN into low grade (PIN-1), and high grade (PIN-2 and 


Originally, McNeal and Bostwick proposed a three- PIN-3). The major histologic difference between high- 
grade system, in which PIN was divided into PIN-1, grade PIN and low-grade PIN is the presence of multi- 


ple prominent nucleoli in high-grade PIN (Fig. 9.1(c)). 
However, there remain considerable intra-observer and 
inter-observer variations even when this system is used 
(11). 

In this chapter, the term PIN, unless specified other- 
wise, is used strictly to refer to high-grade PIN. Most 
pathologists in practice, including us, do not use the 
term low-grade PIN as a pathologic diagnosis because 
of the lack of clinical significance of this entity (12-15) 
and a possible resultant clinical confusion with high- 
grade PIN, which does have significant relationship to 
prostatic cancer. 


Histologic patterns 


There are several histologic patterns of PIN (16): 
tufting, micropapillary, flat, and cribriform are 
common forms (Fig. 9.4(a)-(d)). PIN is often multi- 
focal and different histologic patterns may be observed 
in the same prostate (17). Rare patterns of PTN include 
mucinous, signet-ring cell, small cell (18), and a more 
recently described foamy-gland PIN (19). These rare 
types of PIN have a stronger association with invasive 
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Fig. 9.3 (a) Comparison of high-grade PIN (left) with adeno- 
carcinoma (right); (b) comparison of high-grade PIN with ade- 
nocarcinoma, basal cell specific immunostaining (348E12) 
showing the presence of basal cells in PIN (left) and the 
absence of basal cells in adenocarcinoma (right); (c) early 
invasion of high-grade PIN (budding of PIN), basal cell 
specific immunostaining (348E12) showing basal cells (arrow- 
beads) in PIN and loss of basal cell in several atypical small 
glands (arrows). 


adenocarcinoma because most cases have been 
identified in prostates also containing carcinoma. Some 
pathologists argue that these patterns may represent 
intraductal spread of prostatic cancer (20). This issued 
will be discussed in the section addressing intraductal 
spread of prostatic cancer. 


Diagnosis 


PIN is cytologically atypical but architecturally benign. 
The nuclear features of PIN, particularly high-grade 
PIN, are very similar or essentially identical to adeno- 
carcinoma of the prostate by routine histologic cxami- 
nation or by morphometric measurements (21-23). In 
some countrics, fine-needle aspiration (FNA) is used as 
a means of establishing a diagnosis of prostatic cancer. 
We believe this will over-diagnose prostatic cancer, 
because FNA does not provide architectural features 
and PIN cannot be distinguished from adenocarcinoma 
of the prostate by cytology alone. A diagnosis of pro- 
static cancer established by using FNA cytology is gen- 
erally not accepted in the United States. 
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Fig. 9.4 Histologic forms of high-grade PIN: (a) tufting; (b) micropapillary; (c} flat; (d) cribriform. 


PIN is a microscopic finding, and the diagnosis can 
be made reliably only by histologic examination of a 
prostate needle core biopsy or transurethral resection 
of the prostate in addition to examination of the whole 
prostate. Neither digital examination or transrectal 
ultrasonography can be reliably used to diagnose PIN 
because of its architectural similarity to benign prosta- 
tic hyperplasia (BPH). There is no specific clinical 
finding associated with the presence of PIN. One report 
suggested that the presence of PIN might result in an 
elevation of PSA (24), but this finding has not been 
substantiated by others (25). In gencral, PIN in itself 
does not result in an elevated PSA. Therefore, if a 
patient with an clevated PSA is found to have high- 
grade PIN on prostate needle biopsy, a repeat biopsy is 
indicated to rule out prostatic cancer. 


Differential diagnosis 


The histologic features of prostatic adenocarcinoma are 
complex and discussed in other chapters. The major 


histologic difference between PIN and adenocarcinoma 
is the presence of invasion and/or architectural atypia 
in adenocarcinoma. In addition, basal cells are present 
in PIN but not in adenocarcinoma, a distinction that 
can be confirmed by using immunohistochemistry with 
antibodies specific for prostatic basal cells. Other 
lesions that should be distinguished from PIN are BPH, 
basal-cell hyperplasia, adenosis, urothelial (transitional 
cell) metaplasia and neoplasia. 


Incidence 


The incidence of PIN is difficult to ascertain. Based on 
published reports, the incidence of isolated PIN (PIN 
without associated cancer) on needle core biopsies 
ranges from 0.7% to 20% at different institutions 
(26-34) (Table 9.1). Most European studics report a 
higher incidence of PIN than American studies (12.3% 
versus 6.5%) except for onc large European screening 
study of 1824 patients from The Netherlands (35), in 
which a reported incidence of 0.7% is much lower than 
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Table 9.1 Incidence of high grade PIN in prostate needle (14 gauge or 18 gauge) core biopsies. 

Year (ref.no.) No. patients Cases with PIN-incidence (%) 
US Studies 
Lee et al. 1989 (26) 256 28 (11) 
Mettlin et al. 1991 (27) 330 17 (5.2) 
Richic et al. 1994 (28) 163 14 (8.6) 
Bostwick et al. 1995 (29) 200 27 (13.5) 
Bostwick et al. 1995 (29) 200 21 (10.5) 
Langer et al. 1996 (30) 1275 56 (4.4) 
Wills e¢ al. 1997 (31) 439 24 (5.5) 
Total (US) 2863 187 6.5 
European studics 
Feneley et al. 1997 (32) 212 42 (20) 
Feneley et al. 1997 (32) 1205 133 (11) 
Skjorten et al. 1997 (33) 79 6 (7.6) 
Perachino et al. 1997 (34) 148 21 (14.1) 
Total (European) 1644 202 12.3 


that from other studies. If this large European study is 
included, the incidence of PIN in European studies is 
6.2% (215/3468), which is very similar to that in 
American studies. The incidence calculated from all 
these studics listed is 6.4% (402/6331). 

The variability in the incidence of PIN on needle 
biopsies may be related to different patient popula- 
tions, the methods uscd to prepare the specimens, or, 
most likely, the variability in the pathologic criteria 
used to diagnose this condition (11). Compared to 
needle biopsy specimens, the incidence of isolated PIN 
from TUR specimens is slightly lower, ranging from 
3.2% at Johns Hopkins to 2.8% at the Mayo Clinic 
(36, 37). This is consistent with the finding that PIN is 
more frequently found in the peripheral zone than in 
the transition zone of the prostate (17). 


PIN and prostate cancer 


Extension and early invasion of PIN 


The most common way by which PIN spreads is within 
pre-existing ducts and acini (38, 20). Sometimes a 
single benign gland can be identified, which is partially 
replaced by neoplastic cells. It is possible that this is a 
field effect with change from benign cells to neoplastic 
cells. The other way PIN spreads is by a pagetoid 
process that is observed only in rare cases. When the 
neoplastic cells of PIN start to penetrate the basement 
membrane, that is an indication of the development of 
micro-invasive or early invasive carcinoma (39, 40). 
Early invasion or progression from PIN to adeno- 
carcinoma is a dynamic process, and it is often 


difficult to draw a precise line between high-grade PIN 
and early invasive cancer. Sometimes, a few atypical 
small glands with features of adenocarcinoma may be 
seen adjacent to PIN. The question is whether this rep- 
resents invasive cancer or, out-pouching (budding) of 
PIN. To answer this question, multiple levels of tissue 
section should be prepared and examined to exclude 
tangential sectioning of PIN. Immunostaining for 
basal cells may also be helpful to identify the presence 
of basal cells. If these atypical glands contain discon- 
tinuous basal cells and are connected to PIN, they are 
probably out-pouching or budding of PIN (41). If 
these atypical glands are numerous and crowded 
without basal cells, a diagnosis of malignancy can be 
made (Figs 9.3(a)-(c)) (42). In uncertain situations, we 
employ the diagnostic term ‘high-grade PIN with adja- 
cent atypical small glands suspicious for invasive ade- 
nocarcinoma’ or ‘high-grade PIN with adjacent 
atypical small glands, invasive adenocarcinoma cannot 
be excluded’. We believe that the risk of having inva- 
sive prostatic cancer in these patients is high and that 
re-biopsy is strongly recommended. 


Distinction of PIN from intraductal spread 
of prostatic carcinoma 


Intraductal spread of prostatic carcinoma (IDSPC) was 
first described by Kovi in 1985 (20) and is character- 
ized by invasion and growth of prostatic adenocarci- 
noma cells into prostatic ducts and replacing the 
benign epithelial cells. The involved prostatic ducts 
may retain their basal cells. IDSPC usually bears a close 
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histologic resemblance to and is often found in close 
proximity to invasive cancer. 

PIN and IDSPC are conceptually different processes; 
PIN is a pre-malignant lesion with a tendency to grow 
from inside a prostatic duct or acinus to the outside to 
become invasive cancer; IDSPC is a lesion of cancer 
progression that infiltrates from the outside to the 
inside of a prostatic duct. PIN has been observed in 
otherwise benign prostates, and it is common to find 
PIN separated from arcas of infiltrating adenocarci- 
noma. Furthermore, some of the architectural patterns 
of PIN such as micropapillary and tufting are so 
complex that they are unlikely to represent infiltrating 
cancer. In practice, however, it is often difficult to dis- 
tinguish PIN from IDSPC. Particular patterns of PIN, 
such as cribriform or foamy gland PIN, usually found 
in prostates with invasive adenocarcinoma, are consid- 
ered to be IDSPC by some pathologists. Inability to 
distinguish PIN from IDSPC may hamper our 
understanding of prostatic carcinogencsis and addi- 
tional studies are necessary to clarify this issue. It is 
possible that molecular markers will assist us in distin- 
guishing pre-malignant PIN from fully malignant 
IDSPC. 


Evidence linking PIN to cancer 


In addition to the histologic similarities between the 
two entities, both PIN and adenocarcinoma are more 
commonly identified in the peripheral zones of the 
prostate (43, 44, 17). It has been shown that both low- 
grade and high-grade PIN can be first seen in men in 
their twenties, and that the grade and volume of PIN 
increase with age. The onset of PIN precedes the onset 
of carcinoma by more than 10 years (15). In men over 
50 years of age, the frequency of PIN in prostates with 
cancer is greater than in prostates without cancer (82% 
versus 43%) (2). ` 
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Clinical significance 


Several studics have shown that approximately 40% of 
patients with isolated high-grade PIN on initial biopsy 
are found to have prostatic cancer on a repeat biopsy 
(Table 9.2) (13, 14, 45-49). When carcinoma is found 
on repeat biopsy, it is not necessarily at the site where 
the PIN was found. Therefore, it is recommended that 
the technique of an optimal repeat biopsy for patients 
with high-grade PIN should include systematic sextant 
biopsies (14). Recently, however, several reports have 
indicated that the frequency of detecting cancer on a 
second biopsy in men found to have PIN on their first 
biopsy is no greater than the frequency of detecting 
cancer in men whose initial biopsy was benign (34% 
versus 25%) (50). It is important to point out that the 
detection rate of prostatic cancer on initial prostate 
necdle biopsies is approximately 30-40% in many aca- 
demic institutions in the United States, including our 
own institution, because we are dealing with a high- 
risk population for prostate cancer in a referral prac- 
tice. Additional studies with better controls and strict 
diagnostic criteria for high-grade PIN arc necessary to 
resolve this issue. 


Basic research 
Molecular basis of PIN 


In recent years, many studies have been carried out to 
search for molecular changes in PIN (51). It has been 
reported that, in PIN, there is a progressive loss of bio- 
markers such as PSA, blood group antigens, cytoskele- 
tal proteins and other secretory proteins (52-54). These 
changes may be related to the loss of normal secretory 
function and neoplastic transformation. 

GST-pi is one of the major cellular antioxidant 
enzymes with an important function of inactivation of 
carcinogens. GST-pi expression is markedly reduced or 


Table 9.2 Detection of cancer in patients with high-grade PIN on repeat biopsy 


No. patients with PIN 


% Patients with cancer (on repeat biopsy) 


Authors Year (ref.no.) 
Brawer et al. 1991 (13) 
Berner et al. 1993 (45) 
Weinstein and Fpstein 1993 (46) 
Davidson et al. 1995 (47) 
Keetch et al. 1995 (48) 
Langer et al. 1996 (30) 
Raviv et al. 1996 (49) 
Total 


10 100% 
37 38% 
19 53% 
100 35% 
37 51% 
53 27% 
48 48% 
304 41% (126/304) 
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absent in PIN, as well as in prostatic adenocarcinoma 
(55). It has been hypothesized that the inability of pro- 
static cells to inactivate carcinogens may be an early 
event in prostatic carcinogenesis. 

Similar to prostatic carcinoma, other proteins related 
to cell growth are progressingly increased as PIN devel- 
ops. These include c-erb-2, bcl-2, epidermal growth 
factor, and proliferative markers (56-61). The fre- 
quency of DNA aneuploidy is also increased in PIN 
(62, 63). However, most of these molecular alterations 
are present in both PIN and cancer, and there is at 
present no distinct molecular marker that can be used 
to distinguish PIN from prostatic cancer. With 
advances in knowledge and technology, it is likely that 
we will learn more abour the molecular events leading 
to the development of PIN and the progression from 
PIN to prostatic cancer in the near future. 


Research implication 


In the prostate, cancer cells, PIN, and benign glands are 
often intermingled so that they cannot easily be distin- 
guished. Furthermore, it seems likely that the molecular 
abnormalities characteristic of pre-malignant PIN may 
be intermediate between those characteristic of cancer 
and benign lesions such as BPH. Thus, it is possible 
that neoplastic cells in PIN may contain the genetic 
alterations of both malignant and benign lesions of the 
prostate. Unfortunatcly, a molecular or biochemical 
study comparing differences between PIN, cancer, and 
benign cells using homogenized prostatic tissue may 
not be worthwhile without knowing the exact location 
of each cell type. Micro-dissection of prostatic tissuc to 
separate PIN and cancer is necessary to achicve this 
goal because it will allow precise correlation between 
histologic and molecular differences. 


Chemoprevention 


If PIN is a precursor of prostatic cancer, can cancer be 
prevented reducing or eliminating PIN? It is known 
that androgen deprivation produces both marked 
atrophy of prostatic cancer cells and also a prominent 
regression of PIN (64, 65). Androgen deprivation, 
however, is obviously unacceptable to patients as a 
means of chemoprevention. Some investigators have 
proposed using finasteride, an inhibitor of Sa-reduc- 
tase, for chemoprevention of prostatic cancer (66). 
Finasteride blocks the production of more potent dihy- 
drotestosterone from testosterone and, therefore, 
reduces the androgen effect on the prostate. The histo- 
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logic cffects of this agent on PIN are unclear. In our 
own study of needle biopsy specimens, finasteride had 
minimal histologic effect on both benign and malignant 
prostatic cells, suggesting that finasteride might not 
have much effect on PIN (67). It will be interesting to 
learn the outcome of a large, on-going national study 
to determine whether finasteride can inhibit the devel- 
opment of PIN and prevent prostatic cancer. 


Clinical management 


We believe those patients with high-grade PIN, but 
without definite evidence of adenocarcinoma on necdle 
biopsy, should be re-biopsicd but not treated unless a 
diagnosis of prostatic carcinoma is established. Repeat 
biopsy is especially indicated if the patient has an ele- 
vated PSA. As discussed earlier, PIN is a microscopic 
finding and, in general, does not cause an elevation of 
PSA. 

The natural history of PIN is unclear. Evidence indi- 
cates that PIN can sometimes progress to prostatic 
cancer, bur whether and how often it can regresses or 
remain unchanged is unclear. Although men with PIN 
have an increased risk of developing prostatic cancer, it 
is not known how often this happens or in whom it 
will occur. Men with isolated high-grade PIN should be 
re-biopsicd once immediately, especially when they 
have elevated PSA, and then followed closcly if the 
second biopsy is negative for cancer. However, at 
present we do not know how closely they should be 
followed or how many of these men will ultimately 
devclop prostatic cancer. Fach patient should be 
managed based on the individual clinical situation. 


Adenosis (atypical adenomatous 
hyperplasia): a lesion of 
questionable pre-malignant 
potential 


Introduction 


Adenosis is defined as a well-circumscribed prolifera- 
tion of small closely packed glands (acini) most com- 
monly identified in the transition zone of the prostate. 
The term atvpical adenomatous hyperplasia was first 
used by Baron in 1941 (68) and characterized by 
McNeal in 1965 (69). The term adenosis was used to 
describe this entity by Brawn in 1986 (70). Recently 
the term atypical adenomatous hyperplasia was advo- 
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cated in a consensus meeting (71). Other synonyms 
used in the are atypical small acinar hyperplasia, small 
gland hyperplasia, and glandular hyperplasia with 
atypia (72-74). We still prefer the term adenosis, 
because any pathologic entity using the word ‘atypical’ 
may imply a relationship to cancer, and many experts 
regard adenosis of the prostate as a benign lesion. 

Depending on variable diagnostic criteria, sources of 
specimens and different institutions, the prevalence of 
adenosis of the prostate ranges from 1.6% to 19.6% in 
transurethral resection specimens to 23% in radical 
prostatectomy specimens (75-77). Adenosis can be 
multi-focal and is often identificd in the transition 
zonc. Adenosis is more often seen in prostatectomy and 
transurethral resection specimens than in prostatic 
needle biopsies sampled mostly from the peripheral 
zonc (78). 


Pathology 


At low power, a lobular growth of small crowded 
glands can be appreciated (Fig. 9.5(a)). Adenosis has 
architectural patterns similar to low-grade prostatic 
adenocarcinoma (Gleason patterns 1 and 2) of the 
transition zone (79-81), but without irregular borders 
frequently scen in carcinoma. Cytologically, however, 
there is minimal atypia, and nuclear enlargement and 
hyperchromasia are uncommon (Fig. 9.5(b)). Nucleoli 
can be seen in adenosis but smaller than those observed 
in cancer cells. Presence of crystalloids is a frequent 
finding and has been described in up to 24% of the 
cases of adenosis (75, 78, 82). Pink amorphous secre- 
tion and blue mucin, frequent findings in adenocarci- 
noma, can be also scen in adenosis but at a lower 
frequency. A patchy distribution of basal cells (dis- 
rupted basal cell layers) is characteristic of adenosis, 
and immunostaining for basal cells can be helpful to 
confirm the diagnosis (Fig. 9.5(c)). The distinction 
between adenosis and adenocarcinoma of the transition 
zone can sometimes be difficult, because of the mor- 
phologic similarities of these two entities (71). The his- 
tologic features most helpful in distinguishing adenosis 
from adenocarcinoma are: 


(1) minimal cytologic atypia and lack of prominent 
large nucleoli; 


(2) similarity of nuclear and cytoplasmic characteris- 
tics in small (atypical) and admixed larger 
(benign) glands; 


(3) presence of patchy basal cells in the lobule. 
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Fig. 9.5 (a) Adenosis appearing to be a lobule composed of 
small acini at low power; (b) adenosis showing lack of cyto- 
logic atypia; (c) adenosis, basal cell-specific immunostaining 
(34BE12) showing the presence of basal cells (arrowheads, 
color). 


Adenosis has many histologic features common to BPH 
and is possibly a histologic variant of this disease. 


Relationship to adenocarcinoma 


Tt is controversial whether adenosis has a pre-malig- 
nant potential. It has been hypothesized that there is a 
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relationship between adenosis and low-grade adenocar- 
cinoma because of the location and histologic similar- 
ities of these two lesions. Molecular and biochemical 
studics of adenosis are inclusive or contradictory. As 
determined by Ki67 staining, the proliferation rate of 
adenosis was cither intermediate between BPH and 
prostatic carcinoma, or more closely similar to that of 
BPH (83). Recently, it was shown that 47% of cases of 
adenosis contain similar genetic alterations commonly 
found in early prostatic carcinoma (84). Another study, 
however, showed allelic loss of 8p22 in 6% cases of 
adenosis and 56% of cases of adenocarinomas studied 
(85). To date there is insufficient evidence to substanti- 
ate the hypothesis that adenosis is a pre-malignant 
lesion. Unlike PIN, adenosis, in most cases, is present 
without adenocarcinoma. In addition, it is rare to ind 
low-grade adenocarcinoma in close proximity to 
adenosis. Finally, the finding of adenosis is not associ- 
ated with an increased risk of adenocarcinoma, and 
unlike PIN, adenosis appears to have no prognostic 
significance for developing of adenocarcinoma (70). 


Management 


Regardless of the relationship between adenosis and 
low-grade adenocarcinoma, the presence of adenosis 
does not warrant an immediate repeat biopsy unless 
there is a clinical indication. Low-grade adenocarci- 
noma (Gleason pattern 1 or 2) of the transition zone of 
the prostate is extremely unlikely to develop into 
significant prostate cancer (86, 87). In a series we 
studied of 100 cases of metastatic prostatic adenocarci- 
noma, none of the cases was derived from low-grade 
carcinoma (41). Even though it is possible that adeno- 
sis might be a precursor of low-grade adenocarcinoma, 
the latent period and frequency of malignant transfor- 
mation are uncertain. At the present timc, we regard 
adenosis as a benign condition, and patients with a 
diagnosis of adenosis should be followed accordingly. 


Benign lesions of the prostate: 
conditions not considered to be 
pre-malignant 


Atrophy 


Atrophy refers to a spectrum of common prostatic 
lesions characterized by atrophic changes of prostatic 
acini (88). Atrophy has been observed in 40% of pro- 
static needle biopsy specimens from patients with BPH 
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(67). Interestingly, it has been shown that atrophy is a 
proliferative process (89). Lesions such as postatrophic 
hyperplasia (90) and partial atrophy are similar to 
typical atrophy but have an even greater proliferative 
appearance (91). Occasionally, atrophy can be seen 
adjacent to adenocarcinoma. However, there is 
insufficient evidence to link atrophy to the development 
of carcinoma. 


Basal-cell hyperplasia 


The term atypical basal-cell hyperplasia has been used 
to describe a benign proliferative process of basal cells 
(92, 93). The proliferating basal cells may demonstrate 
cytologic atypia (94, 95). This lesion can be difficult to 
distinguish from adenocarcinoma or basaloid carci- 
noma of the prostate (96). There is no evidence that 
basal-cell hyperplasia has any relationship to adenocar- 
cinoma of the prostate. Nevertheless, it should not be 
mistaken for adenocarcinoma (94). 


Atypical glands suspicious for 
adenocarcinoma 


Sometimes there is a small focus of atypical prostatic 
glands or acini suspicious for, but not diagnostic of, 
adenocarcinoma. This is often due to the small size of 
the biopsy with scant glands that lack all the malignant 
cytological and architectural features necessary to 
establish a diagnosis of carcinoma. It is important to 
realize that this is a diagnostic term and not a patho- 
logic entity or pre-malignant lesion. A diagnosis of 
atypical glands suspicious for adenocarcinoma of the 
prostate indicates that the likelihood of prostatic 
cancer being present is high, but the pathologist cannot 
make a definitive diagnosis of malignancy because of 
insufficient histologic evidence. Based on several recent 
studies, patients with a diagnosis of atypical glands sus- 
picious for adenocarcinoma have more than a 50% 
probability of having prostatic cancer on a repeat 
biopsy (97). 


Conclusions 


The histologic features and management of adenocarci- 
noma, PIN and adenosis are summarized in Table 9.3. 
Adenocarcinoma has both cytological and architectural 
atypia, and basal cells are absent in the malignant 
prostatic acini or ducts. In PIN, the glandular architec- 
ture remains intact, but adenosis has architectural 
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Table 9.3 Comparison of common prostatic lesions 


Lesions Adenocarcinoma PIN Adenosis 
Cytology atypical atypical benign 
Architecture atypical benign atypical 
Basal cells absent present present 
Management treatment re-biopsy follow 
patterns similar to low-grade adenocarcinoma. 


Cytologically, PIN has features similar or identical to 
adenocarcinoma, while adenosis lacks cytologic atypia. 
Both PIN and adenosis contain basal cell layers, whereas 
adenocarcinoma does not. 

PIN is a microscopic finding and can be diagnosed 
only by histopathologic examination. There is steadily 
increasing evidence that PIN is a precursor for prostate 
cancer. Based on current studies, the molecular alter- 
ations of PIN are similar to those occurring in prostate 
cancer. However, the natural history, molecular basis 
and pathogenesis of PIN are unknown. We agree with 
the majority of experts who belicve that men with 
high-grade PIN diagnosed on needle biopsy should be 
followed closely and undergo at least one additional 
biopsy, particularly those with an clevated PSA. 
Chemoprevention of prostatic cancer using finasteride 
to inhibit PIN is currently being investigated. 
Treatment for prostatic cancer is not indicated in men 
with high-grade PIN unless an unequivocal diagnosis 
of cancer is established. 

It is controversial whether adenosis is a precursor of 
prostate cancer. Currently, there is insufficient evidence 
to support this hypothesis. And further studies are nec- 
essary to clarify this issue. It is possible that some cases 
of adenosis might be related to low grade adenocarci- 
noma arising in the transition zone of the prostate, 
which has a low risk of progression. We believe that it 
is unnecessary for men with a diagnosis of adenosis to 
undergo a repeat biopsy unless there are other clinical 
indications such as an elevated PSA. 

Both atrophy and basal-cell hyperplasia are benign 
lesions of the prostate. Although they can be confused 
with prostate cancer because of histologic similarities, 
these two entities are considered ‘benign mimickers of 
prostate cancer’ and not pre-malignant lesions. 
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F. Algaba 


For a clear understanding of present knowledge about 
the pathology of prostate cancer, we need to know the 
basic structure of this gland and some morphologic fea- 
tures in close relation with cellular differentiation, 
physiology, and hormone sensitivity. Therefore, before 
addressing the pathologic aspects of prostate cancer, 
we will consider the normal structure of the gland. 


Prostate microanatomy (sono- 
graphic correlation) 


The prostate comprises a number of tubulo-alveolar 
glands (30-50), which drain directly into the urethra 
through 16-32 ducts (1), surrounded by stromal com- 
ponent with abundant smooth muscle. 

The distribution of these glands has been debated 
ever since Lowslcy’s embryological studies (5-lobe dis- 
tribution—anterior, middle, left and right lateral, and 
posterior lobes, with fetal involution of the anterior 
lobe) (2). Lowslcy’s concept was modified by [.eDuc’s 
anatomic studics (two lateral masses and a smaller 
median lobe) (3) and Franks’ proposal (no lobes, only 
an ‘inner gland’ around the urethra and an ‘outer 
gland’ around it) (4). However, the present conception 
regarding the topographic anatomy of the prostate was 
introduced by Salvador Gil-Vernet, who clearly demon- 
strated that the prostate consists of two main parts 
(cranial and caudal), separated by an intermediate area. 
These regions were defined according to where their 
glandular ducts open into the urethra (5). Between 
1968 and 1978, McNeal confirmed Gil-Vernct’s model 
and added new aspects, enhancing our understanding 
of prostate anatomy with sonographic correlation. 


McNeal model 


McNeal divides the prostate into four zones (6), of 
which one is chiefly stromal and three are chiefly glan- 
dular (Fig. 10.1): 


Morphobiology of prostate cancer 


Fig. 10.1 McNeal model of zonal prostate distribution: ante- 
rior fibromuscular zone (m); central zone (c); transition zone 
(t);.peripheral zonc (p). 


@ The anterior fibromuscular zone, which represents 
about 33% of the prostate volume and comprises 
stromal elements with minimal glandular represen- 
tation. It extends downward from the bladder neck 
over the anteromedial surface of the organ, nar- 
rowing to join the urethra at the prostate apex, its 
lateral margins blending with the external fibro- 
muscular prostate condensation (‘capsule’). The 
deep surface is in contact with the sphincter and 
glandular transition zone (see below). 

@ The central zone (Fig. 10.2) (25% of the glandular 
component and 16.5% of the prostate). It is coni- 
cally shaped, with its base at the neck of the 
bladder and vertex toward the urethra, surround- 
ing part of the proximal urethra; it is crossed by the 
ejaculatory ducts. 

@ The transition zone (Fig. 10.3) (5% of the glandu- 
lar component and 3.3% of the prostate). It is 
located around the proximal urethra up until the 
point where it angles upwards. 
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Fig. 10.2 Whole-mount section: central zone (with seminal 
way). 


@ The peripheral zone (Figs 10.3 and 10.4) (70% of 
the glandular component and 46.2% of the 
prostate). It is pear-shaped and in contact with the 
central and transition zones. This zone constitutes 
the apex of the prostate and is therefore the area 
most accessible for digital rectal examination. 


Glandular elements and stromal composition in the dif- 
ferent zones differ (7): 


@ The anterior fibromuscular zone is composed of 
collagen and spindle-shaped smooth muscle cells 
that are proximally contiguous with the detrusor 
fibers of the anterior bladder wall. 


Fig. 10.3 Whole-mount section: peripheral zone (p) and tran- 
sition zone (t). Note the nodular transformation of the transi- 
tion zone (BPH) surrounding the urethra (m). 


Fig. 10.4 Whole-mount section, peripheral zone (p): the 
urethra is in the anterior area of prostate. 


@ Inthe central zone, the acini are large with irregu- 
lar contours and branching is very elaborate, with 
prominent intraluminal ridges. Muscle bundles 
have a compact streaming arrangement. 

@ The transition zone has small, simple round glands 
with a stroma similar to those in the central zone. 

@ In the peripheral zone, the acini are either small 
and round or triangular, and the muscle bundles 
are multi-directional and loose. 


The sonographic image results from the echo pattern 
created by reflections of the wave propagated from the 
interface berween the stroma and the fluid-filled acinar 
lumina. Fach zone therefore has its own specific ultra- 
sound appearance (8): 


@ The fibromuscular anterior zone, with minimal 
glandular presencc, has few interfaces and appears 
hypoechoic. 

@ The normal transition zone, because of its low 
stroma/glandular index, is more echoic that the 
fibromuscular zone, but less that the rest of the 
prostate. 

@ The central and peripheral zones have similar sono- 
graphic features, with relatively homogeneous 
texture and medium echogenicity (used as a pattern 
of normality and designated as isoechoic). 


The importance of the McNeal model is not merely 
restricted to ultrasound-anatomic correlation; it also 
has a significant bearing on zonation of prostate 
pathology and on predicting the natural history of 
prostate cancer, which varies according to the zone of 
origin (sce below). 
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Prostate histology (correlation of 
physiology and cell kinetics) 


Classical glands have secretory and excretory arcas, but 
the prostate is an organ with slow accumulation of 
secretion (0.5-2 cm?/24 h) (9). Under these circum- 
stances, specialization of ducts and acini would appear 
to be of limited value; morphology is thus identical in 
both parts, except in the para-urethral ductal portion 
(10), where we can see a very short arca of transitional- 
cell-type mucosa (urothclium). The small volume of 
secretion is expelled occasionally and rapidly, which 
justifies the large amount of smooth muscle in the 
stroma (11). 

With routine staining we can sce two different cell 
types (basal cells and secretory or luminal cells, with a 
normal basal-secretory ratio of 1:3 in the normal 
prostate) (12) (Fig. 10.5). If we add some silver method 
(e.g. Gomori), a third type of cell can be observed (neu- 
roendocrine cells), confirmed by the immunohisto- 
chemical method (chromogranin A) (Fig. 10.6), Yet 
with the introduction of the double-label procedure, 
simultaneous demonstration of cell-specific epithclial 
markers became possible, and some prostate cells are 
now known to have compound immunophenotypes. 
Thus, intermediate cells are now recognized, probably 
representing basal cells (stem cells) in the process of 
becoming terminal cells in a stem-cell model (12). 

Tt must also be borne in mind that the prostate is a 
hormonal organ, with cells bearing different types of 
hormonal rcceptors or none at all. Therefore, physio- 
logically, there are two functional compartments—the 
androgen-independent proliferative compartment and 
the secretory compartment, which is androgen- 
dependent and has limited proliferative capacity. 
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Fig. 10.5 Prostate acin. (H&E): basal (b) and secretory cells 
(s). 


Putting together all these findings and opinions, we 
have a modern histological conception of the prostate 
that comprises the following cells: 


@ Basal cells are small cells with scant cytoplasm, 
located in the deep portion of the glands and 
arrayed parallel to the basal membrane. They have 
a specific high-molecular-weight cytokeratin (34-B- 
E12) (Fig. 10.7), and no PSA secretion. They 
express FGFR (erbB 2, erbB 3) and represent 70% 
of proliferating cells. The presence of estrogen and 
progestagen receptors, with no androgen receptors, 
means that continuous support by circulating 
androgens is not required for their maintenance. 
Bcl-2 (antiapoptotic gene) expression, which pre- 
vents androgen-dependent programmed cell death, 
confirms the androgen independence of the basal 
cells. However, a small population of basal cells 
does express androgen receptors (13), and for this 
reason can respond to androgenic stimulation by 


Neuroendocrine cells 


Secretory cell 


Fig. 10.6 Scheme of the cells of the prostate acini. 
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Fig. 10.7 High molecular-weight cytokeratin (34--E12)-pos- 
itive expression in the basal cells (b), while the secretory cells 
{s) are cytokeratin-ncgative. 


both differentiating into sccretory cells (sustained 
activation), and maintaining proliferation (transient 
activation) (14). According to these findings, we 
may ascribe stem cells to the basal cell compart- 
ment. 

@ The proof of the stem-cell model was found when 
the existence of intermediate cells (also called 
amplifying cells) was demonstrated. These cells 
include different features of basal cells and terminal 
cells. Therefore, cells have been described (15) with 
simultaneous expression of: cytokeratin 34-B-E12 
(basal phenotype) and PSA (secretory phenotype); 
cytokeratin 34-8-E12 (basal phenotype) and chro- 
mogranin A (neuroendocrine phenotype); PSA 
(secretory phenotype) and chromogranin (neuroen- 
docrine phenotype). Hormonal receptors in these 
cells also vary. 


The last group of cells is terminal cells, with two com- 
pletely different phenotypes: 


@ Secretory cells are cylindrical and have clear and 
abundant cytoplasm; they lie perpendicular to the 
basal membrane and represent 75% of all epithelial 


cells (16). They typically express cytokeratins 8 and 
18, and secrete prostate-specific antigen (PSA) 
(Fig. 10.8), prostate acid phosphatase (PAP), and 
prostate-specific membrane antigen (PSMA) (17). 
Only 10% of proliferative activity is in this com- 
partment. These are the cells containing the major- 
ity of androgen receptors, without Bcl-2 and with 
Bcl-x (apoptosis activator gene), meaning that they 
are sensitive to apoptosis (16). 

Neuroendocrine cells are usually located at the 
basal level, with or without communication with 
the luminal pole (i.e. open type or closed type); 
they have certain filiform ‘dendritic’ prolongations 
extending toward the surrounding cells (Fig. 10.9). 
Most of these cells express chromogranin A, synap- 
tophysin, and serotonin, but it is also possible to 
find substances resembling calcitonin, bombesin, 
somatostatin, parathyroid-hormone-related protein, 
calcitonin gene products (18) (Fig. 10.10), etc., and 
cells can produce more that one of these peptides 
(16). Neuroendocrine cells were once thought to 
originate from the migratory neural crest but at 
present it is widely accepted that they originate 
from local stem cells, as previously discussed (12). 
For this reason, some open-type neuroendocrine 


Fig. 10.8 PSA cxpression in the secretory cells (s), while the 
basal cells (b) are PSA-negative. 
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Fig. 10.9 Chromogranin A expression in the neuroendocrine 
cells. Open type (o) with minimal luminal extension and 
closed type (c). 
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Fig. 10.10 Scheme of the neuroendocrine cells function. 


cells can express PSA focally, and some closed-type 
cells can express cytokeratin 34-8-F.12 (12). No 
androgen receptors or proliferation activity have 
been demonstrated in these cells, but their proxim- 
ity to proliferative cells suggests some type of pro- 
liferation control over them through scrotonin and 
the other peptides (15). 


Cellular origin of prostate cancer 


The commonest prostate cancer cells (adenocarcinoma) 
have a phenotype similar to secretory cells (expression 
of cytokeratins 8 and 18, PSA production and gener- 
ally expressed nuclear androgen receptors, and $a- 
reductase 1 and 2) (19). This fact leads some authors to 
conclude that prostate cancer is derived from prostate 
luminal cells (20). But this hypothesis is not completely 
proven by the similarity between malignant cells and 
luminal cells, because the initial basal (stem) cells can 
lose their phenotype during transformation and acquire 
another (21). 

Other phenotype chraracteristics of malignant cells 
include a high proliferation index, with inversion of the 
proliferative compartment, and expression of Bcl-2 
(19). The prolonged life-span of cells due to aberrant 
expression of Bcl-2 may predispose these cells to accu- 
mulate genctic instability and progress in their aggrcs- 
sivencss. 

The second malignant cell phenotype is the neurocn- 
docrine cancer cell. Normal neuroendocrine cells show 
no evidence of proliferation (22), but in experimental 
castration studies, using sections of PC-295 xenografts 
(human prostate tumor model), researchers observed 
proliferation of malignant neuroendocrine cells shortly 
after androgen deprivation, the expression of a post- 
mitotic cell with neuroendocrine and exocrine (secre- 
tory) phenotype (23). These findings, together with the 
amphicrine characteristics of some of these cells, 
suggest that this phenotype derives from exocrine 
tumor cells that acquire endocrine features during 
tumor progression (15). 

Therefore, the stem-cell model of normal prostate 
cell kinetics can explain rhe morphobiology of prostate 
cancer. Stem cells are transformed into different pheno- 
types, some of them combined in the same malignant 
cell, under a complex network of inductors (androgens, 
growth factors erbB2 and erbB3, oncogenes, and tumor 
suppressor genes) (13). 


Morphobiological diagnostic basis 
of prostate cancer 


So far, pathologists alone are able to recognize malig- 
nant cells. This is possible because genetic abnormali- 
ties accumulated in the nucleus can change the features 
of the nuclear matrix. It has become clear that the 
nuclear matrix not only provides the nuclear structure, 
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but also plays a part in the regulatory nuclear function 
(24). Lamins are adjacent to the intermediate filaments 
and actin of the cytoskeleton, and these in turn are in 
contact with adhesion molecules (E-cadherin, a- 
catenin, integrins) (Fig. 10.11). Nucleolar size has been 
shown to correlate well with proliferative activity. The 
fibrillogranular network is involved in replication and 
transcription. Therefore, we can use anomalous nuclear 
and nucleolar morphology and the disarrangement of 
normal architecture (through the abnormal expression 
of adhesion molecules) as diagnostic criteria. Thus, we 
may consider cytological and architectural features for 
recognition of adenocarcinoma (25): 


@ Cytological features include nuclear and nucleolar 
enlargement and irrcgular chromatin distribution. 
Nucleoli are found in virtually all cells (Fig. 10.12). 

@ Architectural features can be observed under low 
magnification because malignant proliferation in 
the stroma is scattered in nodules or isolated elc- 
ments. The acini are smaller that the normal 
glands, and are monolayer (Fig. 10.13). 

@ Other features: absence of basal cells is one of the 
best diagnostic criteria, which makes cytokeratin 
34-B-E12 an important tool. Evidence of com- 
plete circumferential perineural growth and/or vas- 
cular/lymphatic invasion is very important in some 
cases with not completely atypical cells, but it is 
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Fig. 10.11 Relationship of the nuclear matrix, cytoskeleton, 
and adhesion melecules. 
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Fig. 10.12 Prostatic cancer (right). Note the nuclear and 
nucleolar prominence of the prostate cancer, in front of the 
normal prostate (left). 


Fig. 10.13 Irregular architectural distribution of the prostate 
cancer. 


necessary to be very strict in identifying these fea- 
tures. Luminal mucin, crystalloids, and collagenous 
micronodules can help, but they are only indirect 
features. 


Pre-malignant prostate lesions 


Use of new screening methods for the detection of 
prostate cancer has allowed detection of morphological 
changes with phenotypes intermediate betwcen the 
normal and malignant cells; these lesions have been 
defined as ‘pre-malignant’. 

At present, two types of lesions have been consid- 
ered: atypical adenomatous hyperplasia (AAH), and 
prostatic intra-epithelial neoplasia (PIN). Both lesions 
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lie on the continuum between normalcy and malig- 
nancy, posing pitfalls for diagnosis (26). Thereforc, we 
shall consider the biology of these lesions, diagnostic 
issues and clinical attitude in the face of isolated pre- 
malignant changes. 


Atypical adenomatous hyperplasia—AAH 
(Adenosis) (Fig. 10.14) 


This lesion is characteristic of the transition zone, in 
other words, the BPH zone. BPH morphology is char- 
acterized by a nodular stromo-glandular transforma- 
tion. Glandular proliferation can grow in a budding-in 
or budding-off pattern, and some budding-off prolifer- 
ation develops microglandular areas. On some occa- 
sions, this microglandular growth can be quite 
exuberant, resembling well-differentiated adenocarci- 
noma. These are the lesions that can be included under 
AAH. Differential diagnosis must consider atrophy, 
post-atrophic hyperplasia, sclerosing adenosis and 


@ - Normal prostate 
- ‘Budding-in’ hyperplasia 
(©) - ‘Budding-in’ h lasi 
© - ‘Budding-off’ hyperplasia 
(microglandular) 


@ - Atypical adenomatous 
hyperplasia 
@) - Microglandular carcinoma 


Fig. 10.14 Scheme of the different microglandular prostatic 
proliferation. 
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well-differentiated adenocarcinoma. The absence of a 
large nucleolus, lack of real infiltration of the stroma, 
and persistence of isolated basal cells can help towards 
recognition of AAH (26). Prevalence depends on the 
type of specimen; in BPH material it is around 7% and 
in needle biopsy material about 0.8% (27), signifying a 
clear preference of AAH for the transition zone. 

The main problem in this lesion is to know whether 
AAH only mimics a low-grade adenocarcinoma or 
whether it is a pre-malignant lesion. Fourteen to seven- 
teen percent of prostates with AAH have carcinoma 
arcas (28, 29), with contiguity in 23-34% (29, 30). 
Our case follow-up has only revealed 2.3% subsequent 
carcinomas among patients who initially had AAH 
alone. The proliferation rate of this lesion lies halfway 
between benign and malignant lesions (27). DNA 
content is diploid and cuploid (31). Loss of chromo- 
some 8p22 (31, 32) is detected in 4-6% of AAH cascs, 
while it is present in 56% of prostate cancers (32). In 
conclusion, we must be very strict in diagnosing AAH, 
and urologists should be notified in cases where AAH 
is observed with glandular aggregates presenting carci- 
noma features, though they should be aware that the 
presence of these small arcas is seldom of any clinical 
significance for the patient. 


Prostatic intra-epithelial neoplasia—PIN 


PIN is characterized by nuclear and nucleolar changes 
with ductal and acinar architectural preservation. The 
nuclear atypia of the cells can be very similar to the 
atypia in malignant cells, though without complete loss 
of basal cells and stromal invasion. Proliferation com- 
partment is inverted and shifts to secretory luminal 
cells (22), As a cellular lesion, it is graded as low-grade 
PIN (Fig. 10.15) or high-grade PIN (HGPIN) 
(Fig. 10.16). The present consensus is to report only 
high-grade PIN due to its good reproducibility, and to 
avoid mention of the low-grade PIN diagnosis in the 
pathology report. Differential diagnosis must include 
reactive proliferation lesions and papillary intraductal 
cancer (26). 

With present knowledge, we can presume that 
HGPIN is located preferentially in the peripheral zone 
(68.8% of cases, with only 20% in the transition zone) 
(33), increases with age, and precedes cancer by 
decades (34). Adenocarcinoma was identified in 28.7% 
of subsequent biopsies from cases with isolated HGPIN 
(35). There is loss of 8p22 in 32-69% of PIN lesions, 
while allelic imbalance at 7q31 is present in 17% of 
PIN as opposed to 30% of cancers (36). Bcl-2 extends 
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Fig. 10.15 Low-grade prostatic intra-epithelial neoplasia 
(right). 


Fig. 10.16 High-grade prostatic intra-cpithelial neoplasia. 


up to secretory luminal cells, and its aberrant expres- 
sion may predispose PIN to evolve into cancer (22). 
Other molecular features are the controversial expres- 
sion of the c-erbB-2 gene product (analogous to EGFr), 
and the occasional over-expression of p53 (37). All 
these findings lead us to consider HGPIN the more 


favorable pre-malignant lesion in prostate cancer, but 


from a practical point of view it also must be consid- 
ered a marker of concomitant cancer. 


Morphobiology of stromal 
invasion 


Stromal invasion requires cellular (cell-cell) detach- 
ment, basal membrane (basement membrane) degrada- 


tion, and cellular capacity to grow in the stromal 
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environment. All of these capabilities are acquired 
through different mechanisms: 


Loss of cell-cell adhesion 


A complex system of adhesion molecules in the cyto- 
plasmatic membranc, including E-cadherin and æ- 
catenin, mediates binding to the microfilaments (actin) 
of the cytoskeleton. Nuclear abnormalities cause down- 
ward regulation of the expression of these molecules, 
which correlates with grade and stage (38). Therefore 
we can observe, by immunohistochemical methods, a 
strong expression of E-cadherin in 64.7% of prostate 
cancers with Gleason score < 7, but only in 25% of 
cases with Gleason score > 7. a-Catenin expresses 
strongly in 88.2% of cases where Gleason score < 7, 
but 50% where Gleason score >7 (39) (Figs 10.17 and 
10.18). 


Fig. 10.17 Prostatic cancer with E-cadherin expression in a 
cellular membrane pattern. 
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Fig. 10.18 Prostatic cancer with a-catenin expression in a cel- 
lular membrane pattern. 


Morphobiology of prostate cancer 


Loss of cell-stromal adhesion 


Loss of basal cell differentiation is associated with loss 
of hemidesmosome-forming proteins and associated 
adhesive molecules, including collagen VII, laminin 5 
and some integrins (40). 


Overcoming the basal membranc barrier 


Loss of the basal membrane correlates closely with 
cancer grade. Normal turnover in this membrane is 
regulated by metalloproteinascs; proteolytic action is 
inactivated by some tissue inhibitors (TIMPs). 
Inappropriate TIMPs expression by malignant cells 
dcregulates this system and permits access to the 
stroma (41). 


Decreased cell-substrate normal attachment 
and neoplastic new attachment 


Cells need an attachment to the basal membrane to 
proliferate, but cancer cells continue to proliferate 
when unattached; this phenomenon is known as 
anchorage independence (42). Such independence 
requires some false message to the nucleus that the cell 
is properly attached when actually it is not; this 
message is probably sent through the synthesis of basal 
membrane material by the malignant cell, which lacks 
hemidesmosome-associated laminin 5, collagen VII and 
IV. (12). Prostate cancer produces distinct peri-acinar 
and peri-cellular basal membranes (43), with simulta- 
neous expression of laminin receptors (VI.A-6) and col- 
lagen receptors (VLA-2). Co-expression with their 
ligands in neoplastic basal membranes mediates the 
attachment of tumor cells to neoplastic new membrane, 
granting increased ability to invade the extracellular 
matrix (44). This new basal membrane increases with 
tumor progression, and this fact probably explains why 
over-expression of some adhesion molecules, such as 
tailin, correlates to grade (Gleason score < 7, only 25% 
of cases; Gleason score > 7, 57.9%) (39). However, for 
cancer to expand beyond 2 mm, new capillaries seem 
to be necessary; angiogenic factors are therefore crucial 
for stromal invasion. 


Angiogenesis 


Angiogenic factors are secreted by malignant cells, 
adjacent tissucs and macrophages (histiocytes) mobi- 
lized by various stimuli. There are activators, such as 
vascular endothelial growth factor (VEGF), basic 


125 


fibroblastic growth factor, and thymidine phosphory- 
lase, and inhibitors, such as thrombospondin and 
angiostatin (from plasminogen) (45). Prostate cancer 
produces angiostatin, which explains the indolent evo- 
lution of some patients, and neuroendocrine malignant 
cells can activate VEGF, explaining the aggressiveness 
of this neuroendocrine differentiation. 


Morphobiology of cancer 
progression 


Cancer progression is defined as the acquisition of 
metastatic capacity and subsequently of androgen inde- 
pendence in prostate cancer. 


Metastatic capacity 


The present hypothesis of cancer progression considers 
it secondary to the accumulation of chromosomal alter- 
ations (46), which means progressive nuclear atypia 
with abnormal intercellular communication expressed 
by architectural atypia. These morphologic anomalies 
are considered under grading, now improved with mol- 
ecular evaluation of cell-cycle control, proliferation 
activity, and apoptosis. Another morphological marker 
of the metastatic capacity of prostate cancer is the 
amount of tumor, local extension, and vascular perme- 
ation, evaluated under local staging. Recently, new 
aspects regarding the ‘area code’ of metastatic sites 
have been included in the morphobiologic evaluation 
of cancer progression. 


Grading 


Still a gold standard in the evaluation of the aggressive- 
ness of malignant neoplasias. This does not mean that 
evaluation is not subjective, although it is statistically 
valid. Grade is based on the idea of cell differentiation. 
Differentiation refers to the extent to which neoplastic 
cells resemble comparable normal cells. Well-differenti- 
ated tumors are thus composed of cells resembling the 
mature normal cells, poorly differentiated or undiffer- 
entiated tumors have unspecialized cells. Evaluating the 
degree of differentiation is a difficult task, not only 
because of subjectivity (present in all evaluation 
methods) but also because of the problems in defining 
precise criteria. Thercfore, some classifications are 
based on cellular pleomorphism; others take into 
account only the anomalous glandular proliferation; 
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and others combine both criteria. At present, the most 
widely known classification is the Gleason system (47) 
(Fig. 10.19), which evaluates the architecture of the 
neoplasia and its relation with the stroma. It defines 
five patterns and considers a primary (or predominant) 
and a secondary (or least-abundant) pattern, thereby 
defining a total score or sum ranging from 2 to 10. 


x 


(c) s 3 
Fig. 10.19 (a) Gleason pattern 1-2;.(b) Gleason pattern 3; (c) 
Gleason pattern 5. 
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Some morphologic subtypes are assimilated to some 
Gleason patterns; thus, cndometrioid prostate cancer is 
considered pattern 3, mucinous canccr is pattern 4, and 
cases with central necrosis (comedo-type) are pattern 5, 
which also includes sarcomatoid carcinoma and signet- 
ring cell carcinoma (48). By means of this system, cor- 
relation can be established with pathological extension 
(tumor volumc) (49), and metastatic capacity (score 
2-5, 14% metastasis; score 6, 32%; score 7, 50%; 
score 8, 75%; and score 9-10, 100%) (50). Numerous 
modifications have been proposed for the Gleason 
grading system to improve its power of discrimination; 
the most important is the inclusion of nuclear grading, 
as in the WHO classification. 


Molecular cell-cycle control (Fig. 10.20) 


As previously discussed, the crucial event in cancer pro- 
gression is the accumulation of DNA abnormalities, 
but such accumulation fundamentally requires escape 
from cell-cycle control. Among the different con- 
trollecs, Tp53 (17p13.1) and p21WAF1 (6p21.2) arc 
the most studied in relation with prostate cancer (51). 
Wild-type p53 (protein) has a short half-life (4-45 min) 
and is not detectable by immunohistochemical 
methods, but the mutated form (incapable of normal 
cell-cycle control) stabilizes the protein and is detectable 
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Fig. 10.20 Scheme of the basic molecular cell-cycle control. 
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with different antibodies, so the gene mutation can be 
recognized. Over-expression of p53 is irregular and 
increases in metastatic and hormone-independent 
patients (52). The controlling action of Tp53 is excrted 
through the activation of gene p21WAF1, but only 
wild-type p53 can perform this activation, therefore 
tumors that are p53-positive and p21-negative have a 
poor prognosis compared with those that are p53- 
negative and p21-positive (53). 


Proliferation activity and apoptosis control 


As a consequence of oncogenes expression, such as H- 
rasp21 (54) or HER-2/neu (p185 erbB-2) (55), the 
action of TGF-8 1 and 2 (with activator action instead 
of inhibition, probably caused by modified expression 
of the TGE-B receptor) (56), and abnormal cell-cycle 
control, malignant cells are characterized by a high 
proliferation capacity, increased by the blocking of 
apoptosis. The classical method of identifying a prolif- 
erating cell is to observe it while it is undergoing 
mitosis, but this is a very subjective method, difficult to 
apply, and with variations depending on the fixation 
process. With new immunohistochemical methods and 
the identification of proliferating antigens (Ki67), some 
of which are used in paraffin tissues (PCNA, Mib-1), 
certain types of patients with significantly lower sur- 
vival rates can now be identified (PCNA 15%) (57), 
(Mib-1 high index) (58). Within all normal tissues, cell 
number homeostasis is achicved by balancing cell 
growth and cell death; apoptosis is the genetically pro- 
grammed active mode of cell death. It is widely 
believed that apoptosis is an effective intrinsic anti- 
cancer mechanism (59); thus, its suppression may favor 
accumulation of abnormalities in the cell. Apoptosis is 
regulated by a complex molecular system. Bcl-2 
(18q21.3) was the first described suppressor oncopro- 
tein, and its over-expression in cancer cells may block 
or delay onset of apoptosis, selecting and maintaining 
long-living cells. Bcl-2 is over-expressed in 32-41% of 
prostate cancers (60); 67% of patients with bcl-2 over- 
expression recur at 5 years, versus 30.5% of those 
without bcl-2 expression (61); in irradiated patients, 
bel-2 expression is a marker of aggressiveness (62); and 
all patients with over-expression of bel-2 and p53 recur 
at 6 years. 


Local staging 


The most common clinical factor still associated with 
prognosis is the stage or level of extension of the carci- 
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noma. Following the UICC (T category) classification 
of 1992, we note that rates of lymph node metastasis 
for incidental localized carcinoma are, respectively, 2% 
(Tla), 26% (T1b), and 4% (Tic), while the rates for 
clinically localized carcinomas are 1% (T2a) and 25% 
(T2b) (63, 64). This confirms that tumor volume 
remains quite reliable in terms of prognostic value 
{incidence of lymph node metastases is the same in T1b 
tumors—involving more than 5% of the tissue—and 
T2b tumors—extensive clinical tumors). For this 
reason, one of the primary roles of the pathologist is to 
determine extension (T stage) according to the sample. 


Refinement of local extension evaluation 


Microvascular invasion is present in 38% of radical 
prostatectomy specimens. It is commonly associated 
with extra-prostatic extension (62%) and lymph node 
metastases (67%), and correlates with grade and pro- 
gression (65). Intraprostatic perineural invasion indi- 
cates tumor spread along the path of least resistance; 
only 50% of these patients have extra-prostatic exten- 
sion, so it is not as useful (66). 


Genes controlling metastatic phenotype 


For a long time, the bone metastatic preference of 
prostate cancer was thought to be caused by a retro- 
grade flow from the Batson plexus into the pelvic arca 
during the Valsalva maneuver, but other factors now 
seem more important to metastasis. Among them, the 
expression of adhesion molecules with an ‘area code’ 
for bone marrow (OB-cadherin and a-2 B-1 integrin) is 
the most studied. Orher metastasis-associated genes are 
the KAI1 (11p11.2), loss of which is associated with 
greater metastasis (67); protein p9Ka, located in 
cytoskeletal components in a pattern identical to actin 
filaments, which changes normal Ca++ metabolism 
(68); and the bone morphogenetic proteins that induce 
bone morphogenesis in vivo and are involved in the 


skeletal metastases of advanced prostate cancer. 


Nm23-H1 and CD44 are less consistent factors (69). 


Androgen independence 


All prostate carcinomas arc initially androgen-depen- 
dent, but become independent from this hormone in 
the long term. However, even in this situation, malig- 
nant cells have androgen receptors though they do not 
imply androgen dependence. The exact mechanism of 
independence is unknown, but it seems to require the 
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development of new clones needing no androgen stimu- 
lation. Androgen-deprivation therapy increases the 
estrogen/androgen ratio; androgen-independent cells 
express estrogen receptors at a high level, the cells 
become estrogen-responsive and may survive (40). 
Hormone-refractory tumors, in 30% of cases, have 
amplification of androgen receptor Xq11-q13, in 80% 
amplification of 8q24 (through c-myc amplification?), 
and changes in chromosome 7 (46, 70). Bcl-2 can play 
some role in the hormonal independence mechanism 
because it is more frequent in these tumors than in 
hormone-sensitive tumors (71). Finally, the extensive 
and multifocal neuroendocrine differentiation of 
prostate adenocarcinoma may represent a different 
path to androgen independence, because these cells 
can maintain cell proliferation through a paracrine 
androgen-independent pathway (72). 


Translational approach to clinical 
practice 


Pathologists can receive different types of specimens, 
taken for diagnostic purposes (needle biopsies), or for 
treatment (radical prostatectomics); but incidental 
prostate cancer may be found in BPH-trcatment surgi- 
cal specimens. Clinical requirements are different for 
each different type of surgical sample; we shall there- 
fore consider the application of all morphobiologic 
aspects to the different pathologic specimens. 


Needle core biopsy 
Diagnostic approach 


The majority of biopsies are performed for elevated 
serum PSA with no other clinical evidence of cancer, so 
with more specimens being gencrated there is a greater 
risk of encountering rare lesions, atypical small acinar 
proliferations (ASAP) (73), or other small glandular 
lesions, recently described, that can mimic cancer. For 
this reason, one of the most important tasks for pathol- 
ogists is the diagnosis of carcinoma (sec 
Morphobiological diagnosis basis), a subject that goes 
beyond the aim of this chapter and is addressed in 
general papers (25). From a clinical point of view, the 
diagnostic yield of sextant prostate biopsies is as much 
as 43% higher than the yield from two or fewer biop- 
sies (74, 75), but in some cases of small! tumor volume 
(less than 5.1 cm‘) and/or large prostate, more cores 
may be necessary (76). Pathologists need to handle 
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cylinders correctly, laying them flat to avoid excluding 
any part because of bending in the paraffin block (77). 
In case of isolated high-grade PIN or ASAP, a complete 
and serial sectioning is not cost-effective and only three 
slides are recommended (78). 


Prognostic approach 


The best marker to determine extra-prostatic invasion 
in necdle biopsy is demonstration of peri-prostatic fat 
and/or seminal vesicle infiltration (Fig. 10.21), but the 
presence of fatty tissue is infrequent, except in some 
centers where urologists actively try to obtain it (79). 
The percentage of positive cores is the next-best prog- 
nostic marker of pathologic stage (28.6% in confined 
tumors—T2—and 50% in non-confined tumors—T3— 
P < 0.0001), with similar prognostic value to the rate 
of tumor surface area involvement (49). 

Tt is widely accepted that the Gleason grading system 
has prognostic value (49, 50), but the problem with 
core biopsies is correlating the biopsy Gleason score 
with the final Gleason score in radical prostatectomy. 
Exact correlation may range from 28% to 68%; 26% 
to 60% of biopsies are under-graded and 5% to 32% 
over-graded (80), but the exact correlation rate can be 
about 68%, or 97% within one gradc, as long as a 
minimal protocol is observed (80). In our laboratory, 
only 8% of cases diagnosed with a score of less than 8 
turned out to have a higher score after radical prostate- 
ctomy. Thus, Gleason-score evaluation is useful in 
needle biopsy, though it should be avoided in case of 
minimal cancer representation. Combining the percent- 
age of positive cores and the Gleason score can be 
helpful, because some authors have found that 
15-50% of patients with a Gleason pattern —4 or -5 


Fig. 10.21 Fine-needle biopsy; prostatic carcinoma in the fat. 


Morphobiology of prostate cancer 


carcinoma and/or neoplasia in more than three core 
biopsies, or one cylinder with over 50%, show progres- 
sion after 8-10 years (63). Microvessel invasion can 
also be useful to predict extra-prostatic extension 
(62%) or lymph node invasion (67%) (65). 

Peri-neural invasion has contradictory results in liter- 
ature, with sensitivity only 51%, specificity 71% anda 
positive predictive value of 49% (66). Neuroendocrine 
expression has some corrclation with extra-prostatic 
extension (82.3% cases with neuroendocrine differenti- 
ation progress, in front of only 26% without this dif- 
ferentiation), and lymph node metastases (53.8% with 
neuroendocrine, an any case without neuroendocrine 
cells), but it is not an independent factor (81). Finally, 
molecular parameters such as waf-p21, bcl-2, p53 are 
very promising, but the focality of their expression and 
the need for a standardized methodology represent a 
difficulty in routine studies (82). 


BPH samples 


In treating BPH, tissue is only obtained from the transi- 
tion zone, thereby detecting only stage-T1 carcinomas. 
The pathologist is faced with two different problems 
with this sort of material: the first is to distinguish 
AAH from well-differentiated adenocarcinoma (sce 
previous discussion of pre-malignant lesions); the 
second is to evaluate tumor volume in order to distin- 
guish Tla from T1b, as only 8% of T1a cases progress, 
versus 63% of the T1b cases. Thus, the debate centers 
on how much tissuc should be included. At present, it 
seems to have been established that all fragments 
should be included up to 10 g, adding a block per each 
additional 5 g (83). If fewer than 5% of the chips are 
found to have cancer, all the remaining tissue should be 
included. If more than 5% are found to be cancerous, 
inclusion of the remaining material will not alter or 
vary the stage (84). For open-surgery specimens, at 
least six sections are mandatory (85). For incidental 
prostate cancer, the percentage of affected tissue and 
the Gleason score (4 or lower versus more that 4) is a 
further prognostic factor (86). 


Radical prostatectomy 


All the information offered by radical prostatectomy 
offers begins with processing (87, 88). The specimen 
must be transported fresh to the pathology laboratory. 
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Fresh tissue sampling is only indicated in case of mole- 
cular or genetic studies. Fixation must be done in a 
10% neutral-buffered formalin solution during 24-48 
h (some authors recommend injecting this solution in 
multiple sites by hypodermic needle). After fixation, 
and prior to sectioning, surgical margins are inked. 
Many authors recommend using different colors for 
cach side or zonc, but it is possible to use only one 
color (black) and make the slightest incision (without 
tissue removal) on one of the sides; with this proce- 
dure, damage to the prostate ‘capsule’ is minimal and 
does not affect pathological evaluation (Fig. 10.22). 
Sampling depends on laboratory guidclines. Only 12% 
of laboratories process the entire gland (89), but it is 
not mandatory for a correct evaluation. Any partial 
sampling method for radical prostatectomy specimens 
should not be purely mechanical, several factors can 
contribute to sampling and at least must include: 


Fig. 10.22 Whole-mount section (paraffin block and micro- 
scopic section). Note the indian ink in the periphery of the 
specimen and the minimal section in the left side of the rectal 
surface (arrow). 
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© apical and bladder neck margins must be entirely 
embedded; 

@ portion of seminal vesicles where the vesicle joins 
the prostate gland; 

@ at least one-third of the gland, with special atten- 
tion to the large peripheral nerve tracts of the ncu- 
rovascular bundles (posterolateral, close to seminal 
vesicles); 

@ sclected areas with grossly identifiable abnormali- 
ties (88, 89). 


The staging in radical prostatectomy specimens is 
critical to determine the prognosis (Table 10.1). The 
prostatic capsule is a peripheral layer of fibromuscular 
stroma, which borders the periprostatic fat, the capsule 
is incomplete in some parts of the prostatc (around the 
seminal vesicles, and apex), but it is still an important 
boundary to evaluate. Following the UICC (TNM) 
classification, the capsular invasion without extension 
to periprostatic fat tissue is considered a pT2 tumor. 
The volume of extra-prostatic tumor extension is 
important, some authors recommend distinguishing 
focal (tumor not exceeding two high-power micro- 
scopic fields or not pressent in more than two separate 
sections on any amount) versus non-focal (88). In rela- 
tion to the seminal vesicles, the pathologist must distin- 
guish microscopic tumor invasion into the muscularis 
of the seminal vesicle (pT3b), from involvement of the 
peri-vesicle tissue; the last situation is equivalent to the 
extra-prostatic fat invasion (pT3a). In the staging of 
radical prostatectomy specimens we must consider two 
interesting aspects: 


(a) The infiltration according to zonal distribution, 


because it has been demonstrated that, depending 
on where the ncoplasia is located, it will have a 


Table 10.1 Pathological staging of prostate cancer 


greater or lesser capacity to reach the capsule and 
seminal vesicles throughout its course of develop- 
ment: carcinomas in the peripheral zone usually 
invade the seminal vesicles (24%) much more fre- 
quently that carcinomas in the transition zone 
(13%) (90). 


(b) The ‘black holes’ in TNM classification, become 
evident in the moment to interpret the following 
situations: 


(i) Is the fibromuscular zone invasion intra or extra- 
positive extension? 


(ii) Is the ejaculator invasion a pT2 or a pT3 tumor? 


(iii) Has the isolated bladder neck invasion ominous 
prognosis? 


(iv) Has the same bad prognosis a minimal or exten- 
sive seminal vesicle invasion? 


Finally be must remember that categories T1 a, b and c 
have no pathologic equivalents, and the TNM 
classification no consider the margins status. 

The margins were considered positive when the 
prostate cancer extended to the inked margin of resec- 
tion. We can consider three different type of positive 
margins: 


1. Prostate cancer may extend to the inked margin 
of resection of an intact gland, the tumor follows 
the curve of the organ (smooth surface). This is a 
category pT2, and some consensus meetings 
recomended the use of + (pT2+) (91). 


2. With irregular surface. 


3. With extra-prostatic positive margin. 


Any radical prostatectomy from a T1 prostatic cancer is at least a pT2a 


No pT1 category: 


PT2: Tumor confined within the prostate 


pT3: Tumor extends through the prostate capsule* 


Because there is insufficient tissue to assess the highest pT 
category 


pT2a Tumor involves one lobe 
pT2b Tumor involves both lobes 


pT3a_— Extra-capsular extension (unilateral or bilateral) 
pT3b Tumor invades seminal vesicle(s) 


p14: Tumor invades adjacent structures other than seminal vesicles: bladder neck, cxternal spincter, rectum, levator muscles, 


and/or pelvic wall 


(*) Invasion into the prostatic apex or into (but not beyond) the prostatic capsule is not classified pT3, but as pT2. 
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All of them unifocal o multi-focal. The clinical 
significance is different according the type (is worse in 
the cxtra-prostatic positive margin) (92), multi-focal in 
21.7% of cases (93). In spite of the prognosis impor- 
tance of positive margins, only 30-40% of patients 
with focally positive margins progress at 5 years 
because, despite the margins being called positive by 
the pathologist, there is no residual left within the 
patient, or the granulation tissuc and local isquemia 
destroyed the few cells left; for this situation it is rec- 
ommended a complete prognosis evaluation to look for 
regular versus irregular surface, uni-focal versus multi- 
focal lesion, intra versus extra-prostatic extension, and 
Gleason score (94). 

The neuroendocrine differentiation (Figs 10.23 and 
10.24) has some bad prognosis implication, and 
explains the hormono-independence in some cases (95), 


Fig. 10.23 Prostatic carcinoma with Paneth-like cells 
(arrows). These cells are neuroendocrine cells (H&E). 


žE 


Fig. 10.24 Prostatic adenocarcinoma with wide neuroen- 
docrione differentiation, with chromogranin A expression. 
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probably for the correlation with the VEFF and TGF-a@ 
(angiogenic factors) (96), and the absence of andro- 
genic receptors, respectively. Among the molecular 
markers the p53 mutation is the most studied in clini- 
cal practice (97, 98), but the criteria of positive/ 
negative is not yet standardize. 


Future trends 


The complexity of all these prognostic factors led to a 
definition of prognostic equation of recurrences. Partin 
et al. (99) werc the first investigators who developed a 
biostatistica! model equation that categorized post- 
radical prostatectomy patients into different risk 
groups. After multivariate regression analysis, only 
three variables were included: 


@ a sigmoidal transformation of PSA; 
@ prostatectomy Gleason score; 
© margin status. 


Recently a new proposition of prognostic equation has 
been presented including, race, PSA, margin status, 
p53, and bcl-2 (60). At present this new equation is an 
example of how molecular markers could be used in 
the future, but it is very important to remember that 
the classical markers are still useful, and that any 
approach to the true is just an approach. 
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Background 


Prostate cancer is a serious public health problem in 
many industrialized countries. It is the most common 
malignant neoplasm of men in the United States (1) 
and the second most frequent type of cancer in the 
United Kingdom (2). This high incidence of prostate 
cancer is, probably, the result of an aging population 
and improved methods of detection. For there are, 
indeed, effective procedures today, like the assay for 
prostate-specific antigen (PSA), which conveniently 
detect the disease (3, 4). It is estimated that 1 in 10 
American men will, eventually, develop prostate cancer 
in their lifetimes (1). 

The etiology of prostate cancer is obscure, but the 
disease is known to occur in the presence of testos- 
terone (T) and dehydrotestosterone (DHT) secretion 
(5). Many investigators attempted to show a difference 
in sex hormone levels in prostate cancer patients com- 
pared to controls, but their results have not been con- 
sistent (6-9). Race is an important risk factor, as black 
Americans have a higher incidence of prostate cancer 
(100 per 100 000) compared to white Americans (70.1 
per 100 000) (10-12). Furthermore, black men tend to 
develop the disease at a younger age and have higher 
grade and stage tumors at diagnosis (13, 14). Not 
unexpectcdly, survival is less favorable in black 
Americans (15). On the other hand, the incidence of 
prostate cancer is particularly low in American Indians, 
Hispanics, Asians, and Eskimos (16, 17). [t was 
thought chat increased serum Sa-reductasce levels (con- 
verts T into DHT in peripheral tissues) in blacks might 
responsible for the racial differences but substantial 
evidence is lacking (18). The composition of the diet 
was also implicated, as high-fat diets, by increasing the 
levels of sex hormones, was thought to be responsible 
for the induction of prostate cancer (19, 20). Genetic 
factors may also play a role and some prostate cancers 
show a clear hereditary predisposition (21, 22). 


Prostate cancer is, in general, a relatively slow- 
growing discase: it starts at 30 or 40 years of age and 
grows over a period of many years to invasive disease 
through precursor lesions (23, 24); prostate intra- 
epithelial neoplasia (PIN) and, probably, atypical ade- 
nomatous hyperplasia. Not all cases of prostate cancer, 
however, will develop symptoms during a man’s life- 
time (25, 26). In fact, the disease is characterized by 
three different types of clinical manifestations. Thus, 
most cases remain latent and will never progress to a 
clinically important disease (type 1 prostate cancer) 
(26). Survival rates of up to 87% at 10 years have been 
reported for untreated localized disease (27, 28). For 
those cases, however, that will manifest an overt clini- 
cal disease, the natural history is quite variable and 
prostate cancer may either grow slowly and remain 
localized for many years (type II prostate cancer) or 
may metastasize and follow a rapidly fetal course (type 
III prostate cancer) (26). The median survival for such 
patients with metastatic disease ranges from 24 to 36 
months (29). 

This unpredictable biological behavior of prostate 
cancer is probably duc to its great heterogencity in 
terms of histological Gleason's grade, stage of disease 
and genetic alterations. There is, therefore, a need to 
define reliable biological markers thar would accurately 
predict the clinical behavior of the individual tumor 
and determine the appropriate treatment. 


The genesis and progression of 
prostate cancer—growth kinetics 


The currently accepted theory of carcinogenesis holds 
that multiple genetic alterations, both inherited and 
somatic, are important in the process of malignant 
transformation. Such alterations have been studied 
extensively in colorectal cancer and a model of multi- 
step tumor progression has been proposed in which the 
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activation of oncogenes and the loss of function of 
tumor suppressor genes are of paramount importance 
(30). In this model, a variety of polypeptide growth 
factors and their receptors may also play a role. 
Cytogenetic information on prostate cancer has been 
sparse, however, a similar process of progressive 
genetic changes was thought to occur in prostate 
cancer cells (31-33). 

In general, the time from tumor initiation and pro- 
gression to invasive prostate cancer is long, beginning 
early in life, perhaps in the third or fourth decade of 
age, and extending over many years (23, 24). What 
causes irreversible changes in the genome of previously 
normal cells and renders them susceptible to malignant 
transformation is obscure but, certainly, prostate 
cancer cannot develop in the absence of hormones (5). 
Pathological changes preceding prostate cancer have 
long been recognized and have been associated with an 
increased risk of developing cancer. The carliest histo- 
logically detectable precursor lesions include prostatic 
intra-epithelial neoplasia (PIN) and, probably, atypical 
adenomatous hyperplasia. These are small acinar 
lesions, usually a few millimeters in diameter, showing 
a spectrum of atypical cytological features which are, 
however, surrounded by an intact basement membrane 
(34-36). It is assumed that ar this in situ or pre-inva- 
sive stage, which may persist for years, the neoplastic 
lesion lacks its own capillary network, resulting in slow 
growth and a dormant state (37-39). 

The critical events that trigger the evolution of a 
focal intra-cpithelial lesion into a rapidly expanding 
invasive neoplasm (tumor progression) are not well 
understood. They, certainly, involve an uncontrolled 
proliferative activity of cells combined with prevention 
of cell death by inhibiting apoptosis and induction of 
tumor angiogenesis. Indeed, intratumoral angiogenesis 
is of fundamental importance in prostate cancer pro- 
gression (40-44). Tumors cannot grow beyond the size 
of 1-2 mm unless they are supported by ingrowth of 
new capillaries (45). New blood-vessel formation is 
stimulated by a number of tumor angiogenesis factors 
{vascular endothelial growth factor, VEGF; basic 
fibroblast growth factor, bFGF; transforming growth 
factor B1, TGF-B1), which are released by the tumor 
itself, the tumor supporting stroma, or by macrophages 
and lymphocytes in the tumor stroma. The richly vas- 
cularized ncoplasm begins to grow rapidly, invades the 
surrounding tissues, through ruptures of the basement 
membrane, and eventually metastasize (24, 38, 39, 46, 
47). The metastatic potential of a prostatic tumor is 
determined by the size of the primary tumor, the 
Gleason’s grade, the presence of genctic alterations 
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and, apparently, by an increascd rumor angiogenesis 
(46, 47). The increased oxygen and nutrient supply 
results in an increased number of proliferating cells, 
which favor the appearance of new subclones of tumor 
cells with a more malignant phenotype (37). 

The study of cell proliferation in tumors is of equal 
importance in understanding biological behavior. 
Tumor kinetics have been studied extensively by 
several methods based on mitotic counts (thymidine 
labeling, bromodeoxyuridine incorporation, AZNOR 
quantitation, and cytometric DNA analysis) (48-51) 
and, more recently, by using monoclonal antibodies 
(ki-67, proliferating cell nuclear antigen or PCNA) 
directed against nuclear antigens expressed in all 
phases of the cell cycle other than Go. Fenelcy et al. 
(52), using the antibody ki-67, found that the prolifera- 
tion index for malignant acini is consistently higher 
(1.6-16%) than that of benign acini (0.19-4.0%) 
which, on average, show a volume increase of 1.6-2% 
per year (53, 54). Ruddon describes that during the 
latent phase of tumor growth, which may persist for up 
to 10 years, the neoplasm reaches a diameter of 1 or 
2mm (10° tumor cells or Lmg tumor mass) (37). In the 
rapid phase of tumor growth, which follows an acceler- 
ated intratumoral angiogenesis (38, 39, 46, 47), the 
growth becomes rapid and a clinically detectable lesion 
of approximately 1 cm in diameter (10° tumor cells or 
1 g tumor mass) may develop within a few months or 
years (37). A neoplasm of this size can be detected clin- 
ically by sensitive diagnostic methods. During the next 
few years, an untreated neoplasm could potentially 
approach a large size (10'? tumor cells or 1 kg tumor 
mass) (37) and metastasize (45). It is important to note, 
however, that the above growth kinetics represent only 
an approximation of the tumor burden for they do not 
take into account apoptosis. Tumor cell loss is dra- 
matic in the central, less well-vascularised arcas of the 
tumor, where there is deprivation of oxygen and nutri- 
ents. Furthermore, not all prostate tumors are equally 
vascularized, as some exhibit a higher microvessel 
density than others. 

Such epithelial cell proliferation is stimulated by 
several polypeptide growth factors, which are synthe- 
sized and secreted by prostate cancer cells; these include 
the epidermal growth factor (EGF), the insulin-like 
growth factor (IGF), the fibroblast growth factor (FGF) 
(55, 56), the transforming growth factor-a (TGF-a) 
(57-59), and the transforming growth factor-B-1 (TGF- 
B1) and TGF-82 (58, 60, 61). Growth factor receptors 
for these ligands are acting through a transmembrane 
glycoprotein receptor and tyrosine kinase and their 
expression is increased in prostate cancer. In this context, 
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Price et al. demonstrated a 15-fold increase in extracellu- 
lar signal-regulated kinase activation in prostate cancer 
specimens compared with normal human prostate tissue 
(55). In addition, several neuropeptides, such as 
bombesin, calcitonin, parathyroid hormone related 
peptide, scrotonin and endothelin, are potent mitogens 
for prostate cancer cells and induce epithelial cell prolif- 
eration, mainly through paracrine stimulatory mecha- 
nisms (62-65). These active agents are synthesized and 
secreted by the neuroendocrine cells (66), scattered as 
they are throughout the epithelial cells, and may also 
have a role in the genesis and progression of prostate 
cancer. Thus, an increase number of neuroendocrine cells 
are associated with progression towards an advanced or 
an androgen-independent tumor state (65, 67, 68) and 
with an increased detection of serum neuroendocrine 
markers (chromogranin A and NSE) (69). 

Another factor that is important in determining 
tumor growth and the ncoplastic phenotype of the initi- 
ated cells is the milieu in which tumor progression takes 
place. Stromal and epithelial cells both produce a great 
number of mitogenic and inhibitory substances, which 
react in an autocrine, paracrine, and/or intracrine 
manner, resulting in growth stimulation, inhibition, and 
apoptosis (70, 71). It is probable that imbalances in the 
stromal-epithelial interactions arc important in the 
pathogenesis of prostate cancer (72, 73). Furthermore, 
the high proliferation rate, combined with the genomic 
liability of neoplastic cells, may generate a large number 
of phenotypic variants that are under the pressure of 
environmental selection (immune surveillance, nutrient 
supply, etc.) for survival (37). This view could explain, 
at Icast in part, the heterogeneity and karyotypic vari- 
ability within the same tumor. 

The aforementioned growth kinetics that occur in 
malignant tumors in gencral, and in prostate cancer in 
particular, are the immediate result of acquisition of 
the malignant phenotype after progressive accumula- 
tion of multiple genetic changes. 


Prostatic intra-epithelial neoplasia 
and atypical adenomatous 
hyperplasia: relationship to 
prostate cancer 


Prostatic intra-epithelial neoplasia (PIN) is the immedi- 
ate precursor of invasive prostate cancer (24, 74, 75). It 
represents an atypical proliferation of secretary cells 
within pre-existing ducts and acini (74, 76, 77). The 
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morphological continuum that merges into early inva- 
sive cancer is divided into low- and high-grade lesions 
(78). 

Low-grade lesions (PIN 1) display crowding of the 
secretary cells, nuclear stratification, and variation in 
nuclear size. The nucleoli are inconspicuous. The basal 
cell layer is intact. High-grade lesions (PIN 2 and 3) are 
characterized by cytological features that are indistin- 
guishable from those of malignant cells (75). Cellular 
crowding and nuclear stratification is exuberant. 
Hyperchromatism is distinct. Nucleoli are conspicuous 
and, often, multiple. The basal cell layer is retained, 
bur it is usually incomplete. It is selectively demon- 
strated by monoclonal antibodies directed against high- 
molecular weight keratins (e.g. 348-E12) (79). There is 
no stromal invasion, 

The reported incidence of PIN in needle biopsy spec- 
imens varics from 8 to 31% (80-82). Data from the 
USA indicate that the prevalence of the lesion is higher 
in African-American men than in whites (83), follow- 
ing a similar trend with prostate cancer. It has been 
also postulated that PIN precedes the development of 
prostate cancer by several ycars (84) and, indeed, low- 
grade PIN first occurs in the third (85), fourth or fifth 
decade of life (24). Others found that its prevalence in 
prostates with cancer increascs with age, predating the 
onset of carcinoma by more than 5 ycars (86, 87). 
Several other studics have demonstrated that patients 
whose initial biopsies reveal high-grade PIN, but not 
prostate cancer, have a 50% risk of prostate cancer on 
subsequent biopsies (81, 88-90). 

As a direct pre-invasive lesion, high-grade PIN is 
significantly more common in prostates with cancer 
than in those without the disease (on average 67.7% 
versus 11.2%) (34, 84, 86, 91-93). Similarly, large and 
multiple foci of PIN (size greater than 4.5 mm, number 
more than 10) occur significantly more frequently in 
cancer specimens than in cancer-free prostates (33% 
versus 7%, and 71% versus 15%, respectively) (91). By 
contrast, the extent of PIN is inversely proportional to 
the stage of the invasive diseasc, as high-stage tumors 
tend to obliterate the co-existing foci of pre-invasive 
lesions (92-94). With regard to the site of develop- 
ment, low- and high-grade PINs show a close topo- 
graphic relationship with prostate cancer (91, 93): 
86% of PIN arise in the peripheral zone, 13% occur in 
the central zone, and only 1% of PIN originates in the 
transition zone of the prostate (91, 95). 

Furthermore, PIN and prostate cancer share most 
measures of nuclear abnormality in common, i.c. 
nuclear area, nuclear perimeter, nuclear diameter, chro- 
matin heterogeneity, and chromatin condensation 
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(96-98). The number, the size, and the location of 
nucleoli are also similar in PIN and in prostate cancer, 
and significantly different from those of the non-neo- 
plastic epithelium (96, 99-101). Proliferating cell 
nuclear antigen (PCNA) immunoreactivity, mitoses, 
and apoptosis are higher in PIN lesions than are in 
benign prostatic hyperplasia or normal tissues (102, 
103) and, in many cases, the number of proliferating 
cells in high-grade PIN exceeds that of well-differenti- 
ated invasive carcinomas (102, 104). 

The transmembrane glycoprotein Ep-CAM is 
expressed strongly in both PIN and prostate cancer, in 
contrast to benign prostatic epithelium (105). 
Glycoprotein expression, on the other hand, is 
decreased in both conditions, as this is indicated by 
binding to a number of lectins (106-108). Other fea- 
tures in common include the loss of expression of 
blood groups A and B (106), alterations in acid mucin 
production (109), and a decreased expression of 
vimentin (108). 

Cytoplasmic reactivity with PSA, PAP and Leu.7 
show a progressive loss with increasing grades of PIN, 
indicating an impairment of cell differentiation with 
advancing grade of pre-invasive discase (106, 
108-111). There is, however, an abrupt re-expression 
of these proteins at the invading tumor front, which is 
associated with an increase activity of type IV collage- 
nase in both PIN and prostate cancer (112). 

Further clues for an intimate relationship between 
PIN and prostate cancer are provided by the existence 
of common genetic alterations, including the loss of 
chromosomes 8p, 10q, 16q, 18q, and the gain of chro- 
mosomes 7 and 8q (113-122). The p27/Kip1 gene is 
widely expressed in normal and hyperplastic prostatic 
tissues, but it is down-regulated in high-grade PIN and 
invasive disease (123). The nm23-H1 gene product, a 
potential suppressor of metastasis, is consistently 
detected in both lesions (124), and PIN often shows 
non-diploid patterns as a sign of genetic instability (75, 
96, 125-127). In fact, 30% of PINs are aneuploid and 
70% of these were associated with ancuploid 
carcinomas (128). 

The above data supports the concept that PIN is a 
true precursor of prostate cancer and its 
identification, therefore, in a biopsy specimen requires 
continuous observation (24). The detection of low- 
grade PIN is associated with an adjacent invasive car- 
cinoma in 13-18% of cases, whereas high-grade PIN 
accompanies invasive carcinomas in 33-100% of 
cases (104). 


Prostate cancer 


With regard to atypical adenomatous hyperplasia 
(AAH), or adenosis, this is another prostatic lesion that 
has been proposed as a precursor of adenocarcinoma 
(129), although the evidence for this is not conclusive 
(104). The lesion has been identified in prostates from 
men under the age of 40 with an incidence of approx- 
imately 20% (130, 131, 132). It is characterized by 
small acinar proliferations, which may or may not 
accompanied by cytological atypia (129, 130). The 
acinar prolifcrations are usually multiple and vary in 
size from 2 to 7 mm (131). They form a spectrum of 
morphological changes ranging from minimal architec- 
tural and cytological atypia to those that are indistin- 
guishable from a well-differentiated adenocarcinoma 
(25). AAH occurs more frequently in association with 
cancer (31% in prostates with cancer versus 15% in 
those without) and it usually arises in the peripheral 
zone of the prostate (131, 133). 


Genetic alterations in prostate 
cancer cells 


The molecular mechanisms responsible for the initia- 
tion and progression of prostate cancer are elusive, 
despite of voluminous research. There is, however, 
strong evidence that carcinogenesis proceeds through a 
series of genetic alterations, involving the activation of 
oncogenes and the loss of function (inactivation) of 
tumor-suppressor genes (134), and the inhibition of 
apoptosis. Growth factors and growth-factor receptors 
may also play a role. The tumor is characterized by 
widely heterogeneous growth patterns, ranging from 
slow indolent incidental Icsions to rapidly progressive 
disease with a tendency for early metastasis. Not unex- 
pectedly, prostate cancer is associated with a similar 
heterogeneity of genetic alterations (135). 


Chromosomal abnormalities 
Allelic loss 


The most common genetic alterations identified in 
prostate cancer are loss of heterozygosity (LLOH) of 
chromosome arms 7q, 8p, 10q, 16q, and 18q (21, 
113-115, 136-138). The high frequency with which 
such allelic losses occur, at one or more chromosomal 
loci, suggest that these regions contain tumor-sup- 
pressor genes that are potentially important for the 
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initiation and progression of prostate neoplasia (32, 
135). 

The deletion colon carcinoma (DCC) gene, a tumor- 
suppressor gene that is not restricted to colon cancer, 
shows allelic deletion and loss of expression more frc- 
quently in advanced prostate cancer compared with 
localized disease, indicating that inactivation of this 
genc is a late event in prostate cancer (139, 140). 

Another tumor-suppressor gene that is important in 
tumor progression is the APC (adenomatous polyposis 
coli) gene (140). Inactivation of this molecule may also 
play a role in the progression of prostate cancer (140). 

Recently, a region on the long arm of chromosome 1 
(1q24-25) has been identified as containing a gene, the 
HPC1, which is responsible for the development of 
hercditary prostate cancer (22). This genetic defect 
occurs in approximately one-third of cases of heredi- 
tary prostate cancer (22). 


Gain 


Genctic altcrations involving gains of chromosomes, 
particularly those of 7 and 8, have also been reported, 
and are thought as being markers of prostate tumor 
aggressiveness and prognosis (120). 


Ploidy 


DNA ploidy of prostate cancer is an important marker 
of tumor progression and paticnt’s survival (141-144). 
This is not unexpected since the ancuploid status corre- 
lates well with high histological grade, high stage of 
disease and post-operative recurrence (145, 146). In 
fact, ploidy is more accurate than Gleason grade for 
predicting recurrence (145, 147). On the other hand, 
early hormonal therapy offers a survival advantage in 
patients with diploid tumors (148). 


Apoptosis related genes 
p53 


The p53 gene is located on the short arm of chromo- 
some 17, and p53 mutation in prostate cancer is 
related with tumor progression (149-153). This protein 
product of the p53 tumor-suppressor gene (154) is 
involved in the regulation of cell cycle (155) and the 
apoptosis pathway (156, 157). Mutations of the p53 
gence have been found in many human tumors, includ- 
ing prostate cancer (158-160). They lead to a pro- 
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longed half-life of the protein, allowing nuclear accu- 
mulation of the p53 protein and its detection by 
immunohistochemical techniques. Positive immunos- 
taininig varies widely, ranging from 4% (159) to 65% 
(161). This great variability in the reported incidence 
reflects the widespread heterogeneity of p53 mutations 
that exists from tumor to tumor and within individual 
tumors (162). Most investigators showed an increase in 
p53 mutations in advanced/metastatic lesions 
(163-167), suggesting that it may be a late event in the 
progression of prostate cancer (158, 165, 168-170). 
p53 mutation is associated with an increased prolifera- 
tion rate, high grade and stage, and androgen indepen- 
dence (160, 168-170). Others failed to confirm these 
results (171, 172), and still others detected p53 nuclear 
accumulation in PIN lesions suggesting thar it may be 
an early event in a subset of prostate cancers (173). 
The data on survival are conflicting, but many investi- 
gators correlated p53 immunohistochemical staining 
with poor prognosis (152, 160, 174-176). Similarly, 
the expression of p53 in prostate cancer may be associ- 
ated with resistance to radiotherapy in much the samc 
way as the expression of bcl-2. 


bcl-2 and family 


The proto-oncogene bcl-2 encodes a protein that 
inhibits apoptosis (177) and has been associated with 
progression (153, 178-180). Early studies suggested 
that this anti-apoptotic protein is often undetcctable in 
hormonc-dependent prostate cancers, but high levels 
are found in hormone-independent tumors (181, 182). 
Tt is also infrequent in localized malignant discase 
(159). Aberrant expression of bcl-2 has been correlated 
with reduced disease-free survival (175) and with 
cancer recurrences after radical prostatectomy (183) or 
external beam radiation therapy (149, 181, 184). This 
is because radiation therapy is particularly dependent 
on the induction of apoptotic cellular pathways and, 
thereforc, it may depend on the expression of apoptotic 
regulator proteins bcl-2 and p53. Thus, pretreatment 
needle biopsy may serve as an independent prognostic 
marker for predicting response to radiotherapy. 


Retinoblastoma gene 


The retinoblastoma gene (RB) is located on the short 
arm of chromosome 13. It encodes a protein that has 
been implicated in the regulation of the cell cycle (185). 
In addition of being present in all cases of retinoblas- 
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toma, mutations of the RB gene have been identified in 
various human neoplasms, including prostate cancer 
(186-188). Inactivation at chromosome 13q of the 
retinoblastoma (RB) tumor-suppressor gene, seen only 
infrequently in prostate cancers, is associated with 
advance stage of disease (186). 


Hormones and hormone receptors 


It is generally accepted that androgens may play a criti- 
cal role in the development of prostate cancer by acting 
as mitogens (5). The SRD5A2 locus, in particular, is a 
hot spot for somatic mutations, which can result in 
cytogenctic abnormalities on 2p23 chromosome, and 
alterations in the enzymatic activity of the 5a-reductase 
may initiate prostate cancer progression (189). 
Furthermore, androgens stimulate endothelial cell pro- 
liferation and ingrowth of new blood vessels (65, 190, 
191) and loss of androgen regulation of VEGF synthe- 
sis is connected with progression of prostate cancer to 
an androgen independent state (190). 

The androgen receptor (AR) acts as a hormone 
receptor complex that interacts with its target genes to 
regulate transcription, Mutations in the AR gene are 
not uncommon in metastatic prostate cancer (192, 
193) and may increase the sensitivity of cells to andro- 
gens (193). However, androgen-receptor expression is 
not associated with tumor progression or patient sur- 
vival in primary prostate cancer, but its expression in 
lymph node metastases appears to be an independent 
prognostic factor in men with advanced prostate cancer 
(194). 

Another androgen-regulated protein, the apolipopro- 
tein D (Apo-D), was shown to be a marker of malig- 
nant transformation in the prostate and may be 
involved in the initiation or maintenance of the trans- 
formed phenotype (195). Indeed, malignant transfor- 
mation in the prostate is associated with increased 
cellular levels of Apo-D. 


Growth factors and growth factor receptors 
EGF and EGFR 


A number of polypeptide growth hormoncs have been 
implicated in growth control of human prostate cancer 
(57, 196). Of these, three growth factor families have 
been the most extensively studied: the epidermal 
growth factor family (EGF), the transforming growth 
factor-a and -B (TGF-a, TGF-f), and the fibroblast 
growth factor family (FGF). Polypeptide growth factors 
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may influence prostate cancer cells by intracrine, 
paracrine and autocrine mechanisms (32). 

The EGF and the TGF-a secreted by prostate cancer 
cells may interact with EGF-receptor in the formation 
of an autocrine loop of cell proliferation (57). 
Activation of the FGF-receptor in prostate cancer cells 
by EGF or TGF-a@ may cause mitogenesis, invasiveness, 
and regulation of specific cellular genes (197). Basic 
fibroblast growth factor (bFGF) has also been impli- 
cated as a mitogen for human prostate cancer cells (57, 
198). 


c-erbB-2 


The c-erbB-2 oncogene encodes a transmembrane 
protein, with tyrosine-kinase activity, which shares 
structural and sequence homology with the epidermal 
growth factor receptor (EGFR) (199). c-erbB-2 onco- 
protein blocks gap-junctional intercellular communica- 
tion and disrupts the cadherin-catenin cell-cell 
adhesion system, facilitating tumor growth and metas- 
tasis (200, 201), Most studies on c-erbB-2 expression 
in the prostate found increased expression with cancer 
(202). Data are conflicting regarding its prognostic 
significance (202, 203), but it is generally believed thar 
c-erb-B2 over-expression is associated with aggressive 
tumor behavior and a decreased survival in patients 
with prostate cancer (204). 


Angiogenic factors and angiogenesis 


Tumor growth beyond a certain size depends upon 
angiogenesis. New blood-vessel formation is a typical 
feature of aggressive tumors, including prostate cancer. 
Microvessel density (MVD) is significantly associated 
with nuclear grade, Gleason grade, and pathological 
stage (205-207). It is also related with time to recur- 
rence (205) and with disease-specific survival (206). 
The 5-year recurrence-free survival is significantly 
lower for patients with a MVD 90 or greater than for 
those with a MVD less than 90 (205). 

Tumor angiogenesis is controlled by chemical 
signals, known as angiogenic factors. Vascular 
endothelial growth factor (VEGF) is a cytokine that is 
most frequently associated with angiogenic activity 
(208, 209) in prostate cancer (210). Immunochisto- 
chemical studics revealed that increased levels of VEGF 
are present in prostate cancer but not in benign prosta- 
tic hyperplasia or normal prostate cells in vivo (209). 
Similarly, paticnts with metastatic prostate cancer have 
significantly higher plasma VEGF levels (28 pg/ml) 
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than patients with localized disease (7.0 pg/ml) or 
healthy controls (0 pg/ml) (210). Interestingly, patients 
with serum PSA greater than 20 ng/ml have 
significantly higher plasma VEGF values than patients 
with serum PSA less than 20 ng/ml (210). Increased 
VEGF secretion contributes to the progression of 
prostate cancer by promoting angiogenesis (211). 


Cell-adhesion molecules 


The CD44, a transmembrane glycoprotcin involved 
with cell adhesion, has recently been identified as a 
metastatic suppressor for prostate cancer (212-214). A 
decreased expression of CD44 is associated with 
increased histological Gleason’s grade and metastases. 
The potential prognostic significance of CD44 has not 
been investigated sufficiently, but the loss of CD44 
expression may signify an adverse prognostic behavior 
(215). 

E-cadherin, a typical cell-adhesion molecule with 
invasion/metastasis suppressor activity, has been shown 
to be reduced in high-grade prostate tumors and to cor- 
relate with advanced stage, metastasis, and poor sur- 
vival (21, 216). Similarly, LOH at chromosome 16q24, 
which harbors the E-cadherin gene, is significantly 
related with a high metastatic potential of prostate 
tumors (21). 

C-CAM is another adhesion molecule the inactiva- 
tion of which was associated with malignant transfor- 
mation. It was thought to be a unique marker of early 
prostate carcinogenesis (33). 

The transmembrane glycoprotein Ep-CAM, which is 
localized to the basal and lateral aspects of prostatic 
epithelial cells, is also involved in cell adhesion (217). 
Compared with benign prostatic epithelium, Ep-CAM 
is expressed strongly in both PIN and prostate cancer 
(105), representing an early event in the development 
of prostate cancer. This is somewhat contradictory 
since it is the loss of cellular adhesion that is generally 
considered as a hallmark in the neoplastic process. It 
has been suggested, however, that, in the case of Ep- 
CAM, an increased expression of the glycoprotein on 
the surface of tumor cells is associated with a reduced 
adhesiveness of other adhesion molecules, leading to an 
increased potential of tumor cell invasiveness (217). 

Other cell-adhesion molecules include mucin genes 
and MUC1 protcin epitopes. MUC1 epitopes arc fre- 
quently expressed on the apical cell membranes, 
although neoplastic transformation may be associated 
with aberrant expression and, less frequently, with loss 
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of expression of membrane-bound mucins (218). It is 
assumed that such changes are, probably, the result of 
altered mucin mRNA levels and/or altered mucin gly- 
cosylation (218). 


Tumor-suppressor genes 


The nm23-H1 gene has been associated with suppres- 
sor of metastasis in many solid tumors, including 
prostate cancer (219, 220). The cellular mechamisms 
by which the nm23 protein modulate the metastatic 
phenotype are not yet known, but the protein was 
shown to be located on human chromosome 17 (221). 
All prostate cancer specimens and arcas of prostatic 
intra-epithelial neoplasia (PIN) showed immunorcactiv- 
ity with nm23-H1/NDPKA antibody, whilst normal 
prostatic tissucs were unreactive (219). Comparable 
results have been reported for prostate carcinoma cell 
lines (221-223), It is believed that over-expression of 
nm23-H1/NDPKA gene occurs frequently in prostate 
cancer and may be an early event in prostate tumorigc- 
nesis (219). Other studics showed that an intense 
nm23-H1 staining of cells is significantly more frequent 
in primary sites of clinically malignant disease than in 
latent prostate cancers, indicating that there is a biolog- 
ically different population of cells within the latent 
cancers (220). Furthermore, the nm23-H1 gene was 
related to cell proliferation and tumor metastatic 
potential (220). 

The p27/kip1 gene, like other members of cyclin- 
dependent kinase inhibitors, encodes a small protein 
that has been postulated to be a possible tumor-sup- 
pressor gene. The down-regulation of p27/kip1 is a 
common phenomenon in prostate cancer, occurring in 
the early phases of neoplastic transformation (123). It 
is associated with an increased proliferation, and with 
a reduction in intercellular adhesion (224). 
Interestingly, the im vitro down-regulation of the 
p27/kip1 gene has a most important effect in sensitiza- 
tion against some chemotherapcutic agents (224). This 
possibility merits further investigation because of its 
possible therapeutic implications. 

Another gene that has been implicated as a metastasis 
suppressor gene for prostate cancer is the KA11. This 
was isolated from chromosome 11p (225). An increased 
expression of KA11 in prostate cancer may be associ- 
ated with restraint of tumor progression, whereas a 
decrease in KA11 gene expression may accompany 
aggressive cancers through loss of such restraint. It is 
suggested that KA11 gene expression may serve as a 
potential marker of metastatic prostate cancer (225). 
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Other oncogenes 


Activated oncogenes, such as H-ras, K-ras, and N-ras 
are infrequent in prostate cancer and their significance 
remains uncertain (202, 226, 227). Some studies, 
however, suggested a correlation of ras oncogenes with 
higher grade and higher stage prostate cancer (228). 

Alterations in c-myc expression in human prostate 
cancer have not been investigated extensively (229, 
230) but, in general, higher levels of c-myc have been 
associated with prostate malignancy compared with 
benign prostatic hyperplasia. In one study, high c-myc 
expression was related with tumors of higher grade, 
suggesting a link between over-expression of c-myc 
transcripts and prognosis (230). 

Proto-oncogene expression for H-ras, c-myc, and c- 
jun is significantly higher in drug-resistant than in 
drug-sensitive prostate cancer cells, indicating that the 
amplification of early response genes may play a role in 
the emergence of de novo resistance in prostate tumor 
cells (231). The expression of c-fos, but not of c-jun, 
oncogenc is increased in prostate cancer as compared 
with benign prostatic hyperplasia and normal prostate 
(232). This differential expression of oncogenes could 
possibly be used as markers for progression in human 
prostate cancer (232). Other studics also indicated that 
jun/fos are possible markers for tumor progression, 
since they are present at low levels in organ-confined 
specimens but arc at significantly increased levels in 
samples exhibiting capsular penctration and localized 
spread (233). 

The oncogenic antigen 519 (OA-519), a molecule 
expressing haptoglobin-related protein epitopes, is 
expressed by some prostate cancers, but not by normal 
or hyperplastic prostate tissues. It is significantly asso- 
ciated with higher tumor grades, larger tumors, and 
with advancing clinical stage (234). Since high tumor 
grades, large tumor volumes, and advanced stage of 
disease are known indicators of poor prognosis, OA- 
519 expression is considered as being of potential 
prognostic value in prostate cancer. 


Telomcrascs 


Some molecular changes precede the development of 
prostate cancer or PIN and, therefore, they appear to 
act at the initiation stage (235). Such changes include 
an enhanced expression of telomerase activity 
(236-239). 

Telomeres are terminal chromosomal! structures that 
are composed of tandem repeats of the sequence 
TTAGGG and protein complexes (238). The loss of 
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telomeres, which normally provide stability to chromo- 
some ends, may initiate genomic instability resulting in 
abnormal chromosomes and uncontrolled proliferation 
of cells. It is presumed that the telomere length is main- 
tained by telomerase, an unusual DNA polymerase. 
Telomerase is a ribonucleoprotein enzyme that adds 
telomeric sequences onto chromosome ends (240). 
Using the telomeric repeat amplification protocol 
(TRAP assay), telomerase activity was shown to be 
essential in the pathogenesis of many human malignan- 
cies (241), including prostate cancer (239-245). 

Another factor associated with the pathogenesis of 
prostate cancer is the length of CAG repeats on the 
androgen receptor. Men with prostate cancer have 
shorter repeats than age-matched men with benign 
nodular hyperplasia, and the same applics to white 
men relative to Japanese who have a low incidence of 
prostate cancer (21). 
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Introduction 


Prostate cancer is indisputably a major clinical problem 
for the male population, due to its increasing incidence. 
Continuous efforts towards a better understanding of 
prostate cancer has shed some light into the genetic and 
molecular basis of the diseasc. Despite significant 
scientific progress, the natural history, diagnosis, 
staging, and treatment of prostate carcinoma still raises 
more questions than answers, and clinicians face a new 
dilemma in every step. 

Diagnosis of prostate carcinoma is determined finally 
by histologic examination of tissue taken cither by 
needle biopsy, in the case of clinical suspicion, or by 
transurethral resection of the prostate, for presumed 
benign discase (10%). As prostate carcinoma is charac- 
terized by the initial absence of any specific or warning 
symptoms, an abnormal digital rectal examination and 
clevated serum prostate-specific antigen (PSA) levels are 
the main indications for performing prostate biopsy. 
The employment of transrectal ultrasound (TRUS) and 
TRUS-guided needle biopsies have significantly con- 
tributed to the better clinical investigation of prostate 
cancer. 

In this chapter, our aim is to present the clinical 
manifestations of prostate cancer and review the diag- 
nostic approach and investigation of patients suspected 
to have the disease. 


Clinical manifestations 


Prostate cancer is a heterogeneous discase, but even 
biologically aggressive tumors remain silent for years. 
As a result, the first manifestation of prostate cancer 
could be symptoms of metastatic disease. On the other 
hand, any obstructive and irritative voiding dysfunc- 
tion symptoms are the most common manifestations of 
localized prostate carcinoma. 


Local disease 


In most cases, development of prostate cancer does not 
present typical clinical symptoms that would result in 
referral immediately to a urologist. This general lack of 
symptoms is demonstrated by the finding that the 
prevalence of histologic cancer exceeds that of clinical 
prostate cancer by as much as eight times (1). Prostate 
carcinoma is typically presented as a peripherally 
located multi-focal lesion in 75-80% of patients (2). A 
small-volume tumor, arising from the peripheral zone 
away from the urethra and bladder neck, is not able to 
cause symptoms related to the voiding. Voiding symp- 
toms, including dysuria, urinary frequency, nocturia, 
urgency, slow urinary stream, decrease in the caliber of 
the stream, intermittency, and acute urinary retention, 
could be presented in with a peri-urethrally located 
transition zone carcinoma (15-20% of patients), or a 
tumor of significant mass. 

Unfortunately none of these symptoms are specific to 
prostate cancer. Benign prostatic hyperplasia (BPH) 
and chronic prostatitis are also clinically presented 
with dysfunctional voiding. It is estimated that approx- 
imately 50% of men have prostatic symptoms due to 
prostatitis at some time (3). Patients suffering from 
chronic prostatitis are convinced that their disease is 
recurrent and very difficult to be treated. They consider 
it unnecessary to seck additional consultation by a spe- 
cialist. Additionally, BPH is common in men older than 
50 years. Mild symptoms are not properly evaluated by 
most of those men, and are generally attributed to 
‘prostate’. It is noteworthy that incidental carcinoma of 
the prostate is found in 10% of prostatectomies per- 
formed for BPH (4). The only sign that could be indica- 
tive of prostate cancer development is the sudden 
appearance and rapid progression of bladder outlet 
obstruction, but this has not been documented. 

Hematuria and hematospermia are infrequent, non- 
specific symptoms occurring in prostate cancer patients 
(5, 6). Therefore, prostate cancer should be included in 
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the differential diagnosis and considered during further 
investigation of these patients. 


Locally advanced disease 


The invasion of bladder trigone due to the extension of 
prostatic malignancy causes distal ureteral obstruction. 
Established renal failure and azotemia will cause weak- 
ness, anemia, fluid retention, and electrolyte-imbalance 
related symptoms. These symptoms, without the pres- 
ence of significant urine residual, might raisc suspicions 
to the clinicians of the existence of locally advanced 
Prostate cancer., Priapism is rarely associated with 
prostate cancer as a result of invasion of the corporeal 
bodies (7). 


Systemic disease 


Lymph nodes and bone are the most common sites of 
metastasis of prostate carcinoma. Involvement of the 
lymph nodes runs without symptoms until a significant 
tumor burden causes venous and lymphatics compres- 
sion, resulting in peripheral edema of the lower extrem- 
ities and scrotum. Bone pain due to skeletal metastases 
is often the initial complaint that lead patients with dis- 
seminated prostate cancer to seck medical assistance. 
Pathologic fractures most commonly of the femur, the 
humerus, and the vertebral bodies may also occur. 

Neurologic symptoms due to epidural cord compres- 
sion will occur in the one-third of patients with 
advanced prostate carcinoma (8). Neurologic manifes- 
tations include local pain in radicular distribution, 
weakness of extremities, and numbness. 
Symptoms coming from involvement of other organs 
are extremely rare and have only been reported on the 
basis of case reports. 


lower 


Digital rectal examination 


Digital rectal examination (DRE) has been the corner- 
stone in the initial evaluation of prostate carcinoma. 
Before the widespread use of serum PSA in the carly 
1980s, an abnormal DRE was the only sign suggestive 
for the presence of prostate cancer. As most prostate 
cancers originate from the peripheral zone, DRE pro- 
vides the examiner with the ability to palpate them. In 
contrast, transition zone cancers are not detected on 
DRE, at least in initial stages. Advantages of DRE 
include speed of performance and the relatively low 
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cost of the method. However, reported positive predic- 
tive values of DRE ranged from 17% to 43.2% (9-13). 
This variability probably mirrors the subjectivity of the 
method. It is true that DRE is highly dependant on the 
experience of the examiner and with patient compli- 
ance. Although experienced examiners could detect 
cancers as small as 0.3-1.3 ml (14), the method in 
gencral may not be sensitive enough to detect the 
small-volume tumors that are the most likely to be 
cured. The overall sensitivity and specificity of the 
method have been reported to be 57.9% and 77.2%, 
respectively (15), but in the detection of organ-confined 
disease, sensitivity and specificity are dramatically 
lower (approximately 30% and 40%, respectively). 
DRE should complete a thorough physical examina- 
tion. Prior to DRE, the clinician should explain the 
method to the patient, outlining the significance of 
DRE. The examination can be made with the patient in 
one of the following positions: the left lateral position, 
the knee-elbow position, the standing and bent over 
the examining table position, and the lithotomy posi- 
tion. The position most familiar to the clinician should 
be chosen. Inspection of the anus for pathology, such 
as hemorrhoids, fissures, or a carcinoma, must never be 
omitted. The gloved finger should be adequately lubri- 
cated. Attention must be paid to the method of intro- 
ducing the finger in order to avoid causing pain to the 
patient. The examiner should lay the pulp of the index 
finger flat upon the anal verge, and exert firm pressure 
until the sphincter is felt to relax. Then the finger is 
introduced slowly. Palpation of the prostate should be 
very careful and systematic. The index finger sweeps 
over the prostate from the base to the apex and the 
entire posterior surface of the gland can usually be pal- 
pated. Palpation should be very gently for the best 
evaluation of the surface and the landmarks of the 
prostate. Increasing pressure on the prostate may be 
helpful to identify frm or hard areas deeper in the 
gland. A normal prostate has a consistency similar to 
the contracted thenar eminence of the thumb (with the 
thumb opposed to the little finger) (16). Any area of 
the prostate with altered consistency such as firm, hard 
(wood-like), or very hard (stone-likc) should be consid- 
ered suspicious for the presence of prostate cancer. 
Other abnormalities detected on DRE including 
nodules, irregular surface, obliteration of the normal 
landmarks, and asymmetry of the gland could also be 
associated with prostate carcinoma. However, differen- 
tial diagnosis of an abnormal DRE should include 
benign prostatic hyperplasia, prostatitis, prostatic 
calculi, infarcts, tuberculosis, post-surgical and biopsy 
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changes, that present similar findings on DRE (1) and 
may puzzle even very experienced urologists. 

All findings should be noted and recorded in details. 
A diagram of DRE findings is strongly suggested 
because it will be very helpful in many cases including: 


e serial re-examinations of the patient; 

e performance of TRUS by another cxaminer; 

¢ comparison of DRE findings with those of TRUS to 
achieve more precise clinical staging; 

e follow-up of patients who will undergo treatment 
other than radical prostatectomy. 


A limitation of DRE is the lack of accuracy for pre- 
dicting the location and extent of cancer. Patients with 
a unilateral suspicious lesion on DRE had a pathologi- 
cally confined cancer to the same lobe in 11-69% of 
the reported cases, whereas in 31-89% of the cases, the 
pathological cxamination revealed bilateral tumor 
(17-20). Fixation of the gland on DRE or obliteration 
of the normal prostate landmarks by an induration, are 
suggestive of an extension of the pathologic process 
beyond the prostate. However, it is well-documented 
that DRE underestimates disease stage, as only 
40-60% of the tumors detected on DRE and consid- 
ered to be clinically localized, should prove to be organ 
confined after pathological staging (1). 

A key in carly diagnosis of prostate carcinoma may 
be the active involvement of general practitioners. 
General practitioners could offer opportunistic screen- 
ing in all men older than 50 years seeking for medical 
assistance for any reason, by performing DRE in those 
men. 


PSA 


Prostate-specific antigen (PSA) is a single-chain glyco- 
protein, consisting of 237 amino acids (21). Recently, 
using ion spray mass spectroscopy, glycosylated PSA 
was found to have a molecular weight of 28430 d 
(22). PSA is synthesized in the prostatic epithelium and 
the epithelium lining the peri-urethra! glands and its 
function is to liquefy the seminal coagulum (23). It was 
first purified from prostate tissue by Wang in 1979 
(24). PSA is a member of the human tissue kallikrein 
gene family. It is a serine protease with primarily chy- 
motrypsin-like catalytic activity. Another member of 
this family is hK2 that shares an 80% sequence homol- 
ogy with PSA but has primarily trypsin-like activity. 
PSA has a half-life of 2.2 0.8 days (25). 
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PSA is the most important and widely used tumor 
marker in urologic oncology. The application of PSA to 
clinical practice includes early diagnosis, staging, and 
monitoring of prostate cancer. However, PSA presents 
limitations in sensitivity and specificity especially for 
high normal and mildly elevated levels, because PSA is 
organ- but not cancer-specific to the prostate gland. 
The traditional cut-off value for serum PSA of 
4.0 ng/ml provides a severe overlap in serum PSA 
between patients with prostate cancer and BPH. 
Approximately 80% of men with prostate cancer and 
25-30% of men with BPH have scrum PSA levels 
greater than 4.0 ng/ml. and 20% of men with prostate 
cancer have scrum PSA Jevels below 4.0 ng/ml (25-27). 

Serum PSA level can be influenced by various factors, 
including: 


o Benign prostatic diseases. The overlap in scrum 
PSA betwecn patients with benign prostatic hyper- 
plasia (BPH) and those with prostate cancer has 
been already outlined. In their classical study, 
Stamey and colleagucs estimated that each gram of 
hyperplastic tissuc causes a PSA elevation of about 
0.3 ng/ml (25). In addition, acute prostatitis (28), 
subclinical prostatitis (29), and urinary retention 
(30) have been found to be responsible to varying 
degrees for an increase in serum PSA levels of 
patients. 

© Medical manipulations. Prostate necdle biopsy (25, 
31), transurethral resection of prostate (initially) 
(25, 31, 32), and vigorous prostatic massage (25) 
have been reported to be associated with a clini- 
cally significant elevation in serum PSA concentra- 
tion. 

e Medication. Following a 6-month treatment with 
finasteride, men without prostate cancer, were 
found to have decreased PSA levels by approxi- 
mately 50% (33). Correction of PSA concentration 
was suggested by multiplying the post-treatment 
PSA values by a factor of 2 (34). 

© Fjaculation. Recently, cjaculation has been shown 
to have a significant impact on serum PSA level. In 
87% of men, Tchentgen et al. found an increase in 
serum PSA, with a peak 1 h after ejaculation (35). 


Scrum PSA concentration secms not to be affected by 
factors such as: digital rectal examination (31, 32), cys- 
toscopy (31, 32) catheterization (36), transrectal ultra- 
sound (31, 37), and exercise (38). 

The appearance of PSA in the early 1980s, has revo- 
lutionized the diagnosis and management of prostate 


156 


cancer. Increased public awareness for PSA Icads a 
significant number of men to seek urological consulta- 
tion. However, PSA still stands far from the definition 
of the ideal tumor marker. Efforts have been made to 
improve the clinical utility of PSA, and achieve optimal 
differentiation between men with and without prostate 
cancer, especially for those men who have scrum PSA 
levels between 4.0 and 10.0 ng/ml. In attempt to 
enhance the sensitivity and specificity of PSA, various 
parameters have been developed and evaluated—these 
are discussed below. 


PSA density 


In order to distinguish men with PSA clevations due to 
prostate enlargement from those with prostate carci- 
noma, Benson et al. in 1992 suggested the use of PSA 
density to improve PSA specificity (39). PSA density 
(PSAD) is defined as total serum PSA (in ng/ml) divided 
by the transrectal ultrasound-determined volume of the 
prostate gland (in cm}), The introduction of PSAD was 
based on the observation that prostate cancer causes a 
higher increase of PSA values (approximately 
3.5 ng/ml/g of tumor) than BPH (0.3 ng/ml/g of hyper- 
plastic tissue) (25). 

Seaman et al. recommended a PSAD cut-off value of 
0.15 ng/ml/ cm‘, in order to increase the prostate 
cancer detection for men with normal digital rectal 
examination and serum PSA levels between 4 and 10 
ng/ml (40). Since these initial studies on the clinical use 
of PSAD, conflicting results have been reported by 
several authors (41-44). In the largest multi center 
study investigating the efficacy of PSAD for the early 
diagnosis of prostate cancer, it was reported that nearly 
half of prostate cancers would have been missed if the 
PSAD cut-off of 0.15 had been used to determine the 
subpopulation to be biopsied (41). On the other hand, 
Epstein et al. found that PSAD improved the detection 
of prostate cancer and was associated with the biologic 
behavior of the detected carcinomas (44). 

The variability in PSAD reported results is probably 
related to several factors such as: 


the experience of the TRUS examiner; 
the diversity in prostate shape that makes the accu- 
rate calculation of prostate volume difficult; 

¢ the variation in epithelium to stroma ratio between 
individuals that limits the correlation between the 
estimated BPH volume and serum PSA concentra- 
tion, since PSA is produced only by the epithelium 
(45). 
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The reported results from the application of PSAD to 
prostate cancer diagnosis indicate that its effectiveness 
in identifying men who need to be biopsied remains 


debatable. 


PSA age-specific reference ranges 


Oesterling et al., in attempt to improve the sensitivity 
of PSA in prostate cancer detection in younger men and 
its specificity in older men, suggested age-related PSA 
reference ranges (46). The predominant factor that is 
responsible for the increase in serum PSA concentration 
with advancing age is the concomitant increase of 
prostate volume. The proposed age-specific PSA refer- 
ence ranges were 0.0-2.5 ng/ml for men aged 
40-49 years, 0.0-3.5 ng/ml for men aged 50-59 
years, 0.0-4.5 ng/ml for men aged 60-69 years, and 
0.0-6.5 ng/ml for men aged 70-79 years (46). Race 
was reported to influence the age-specific PSA reference 
ranges. Therefore, the recommended age-specific PSA 
reference ranges for African-Americans were 
0.0-2.0 ng/ml for men aged 40-49 years, 0.0-4.0 ng/ml 
for men aged 50-59 years, 0.0-4.5 ng/ml for men aged 
60-69 years, and 0.0-5.5 ng/ml for men aged 
70-79 years (47); whereas for Japanese men the recom- 
mended ranges were 0.0-2.0 ng/ml, 0.0-3.0 ng/ml, 
0.0-4.0 ng/ml, and 0.0-5.0 ng/ml, respectively (48). 
Partin et al. showed that the potential detection of 
prostate cancer using age-specific PSA reference ranges 
increased by 18% in younger men and decreased by 
22% in older men (49). Reissig] et al. conducted a 
mass-screening project in Tirol using the standard and 
age-adjusted PSA levels. They found an 8% (66 of 778) 
increase in the biopsy rate and number of the cancers 
detected (16 of 197). Cancers detected in men younger 
than 60 years were organ-confined and clinically 
significant. In men older than 60 years, 21% fewer 
biopsies were performed (205 of 983) and 12% (23 of 
197) cancers were missed, but only eight of these 
proved to be organ-confined (50). 

However, the superiority of the recommended age- 
specific PSA reference ranges to the standard cut-off 
point of 4 ng/ml was debated. Catalona et al., in 
order to select the optimal cut-off value, evaluated 
different PSA values in a population of 6630 men. 
The authors showed that using the age-specific PSA 
reference ranges in men older than 60 years, detection 
rate of organ-confined cancers was decreased by 
22.5% (9 of 40). This led to the conclusion that a 
serum PSA cut-off of 4.0 ng/ml should be appropriate 
for older men (26). 
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In clinical practice, the use of age-specific PSA refer- 
ence ranges may increase the detection of potential 
curable prostate cancers in younger men (< 60 years), 
but may also result in a greater number of negative 
biopsies in this group. Furthermore, specificity may 
increased in older men (> 60 years) possibly at the 
expense of a greater number of undetected cancers. The 
important question that remains to be answered is 
whether and how many clinically significant cancers 
are missed by the use of age-specific PSA reference 
ranges. It is noteworthy that age-specific PSA reference 
ranges are not Food and Drug Administration 
approved or recommended by PSA assay manufactur- 
ers (51). Thus, urologists should use PSA values 
adjusted for patient age and race very cautiously in 
daily practice, bearing in mind the risks and benefits of 
these ranges when counseling patients. 


PSA velocity 


It is well documented that prostate cancer increases 
PSA Jevels more than BPH (25). Carter et al. confirmed 
the hypothesis that men with prostate cancer might 
have a faster rise of PSA levels compared to men 
without cancer (52). They found that the median 
annual increase of PSA in patients with prostate cancer, 
men with BPH, and healthy men was 0.88 ng/ml, 
0.12 ng/ml, and 0.03 ng/ml, respectively. Based on the 
above observations, they suggested the use of PSA 
velocity (PSAV) that represents the rate of PSA change 
over time, as a method for assessing the risk of the 
presence of prostate cancer. PSAV is calculated by the 
following equation: 


PSA velocity (ng/ml/year) = 1/2{{PSA2 - PSA 1/time1 in 
years] + [PSA3 — PSA2/time2 in years}}, (12.1) 


where PSA1 = first PSA measurement, PSA2 = second 
PSA measurement, PSA3 = third PSA measurement.. 

Carter et al. showed that, by using a PSAV cut-off 
value of 0.75 ng/mi/year, a sensitivity of 72% and a 
specificity of 95% in distinguishing men with from 
those without prostate cancer, were achieved (52). 
They also demonstrated that the optimal requirements 
for maintaining sensitivity and specificity are three PSA 
measurements taken during a period of at least 1.5-2 
years. 

Limitations of the method include: 


e the variation of PSA measurements with time and 
different assays; 
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e the effect on PSA levels of several factors (such as 
prostatitis, pharmacological therapies), that may 
appear in the interval between PSA measurements; 

e the necessity to monitor PSA changes for at least 
over a period of 1.5-2 years in order to obtain reli- 
able PSAV results (53). 


With the increasing numbers of men who systemati- 
cally undergo annual scrum PSA measurements for pre- 
ventive reasons, PSA velocity seems to be an ideal 
method for optimizing surveillance. Therefore the most 
important application of PSA velocity is to follow men 
with normal but rising serum PSA levels, and younger 
men (<50years) belonging to high risk groups (positive 
family history, race). Moreover for men with PSA 
levels between 4.0 and 10.0 ng/ml, who have already 
undergone a prostate biopsy that disclosed no evidence 
of cancer, PSA velocity could be a useful adjunctive 
measure to determine the need for repeating prostate 
biopsy at a latter time. 


%-Free PSA 


In vitro, PSA has been shown to form sodium dodccyl 
sulfate stable complexes with two of the major extra- 
cellular, mainly liver-derived, proteinase inhibitors in 
blood, namely al-antichymotrypsin (ACT) and a2- 
macroglobulin (AMG). In addition to ACT, other 
inhibitors—members of the serpin superfamily of 
serine protease inhibitors—are reported to form cova- 
lent complexes with PSA, such as al-antitrypsin (a1- 
protease inhibitor, a1-P1) and the protein C inhibitor 
(PCI) (54-56). PSA circulates in the scrum in both the 
complexed (bound) and uncomplexed (unbound or 
free) form. The existence of multiple molecular forms 
of PSA in serum was first reported in 1991 (55, 56). 
Free PSA and the PSA al-antichymotrypsin complex 
(PSA-ACT) have been demonstrated to be enzymati- 
cally inactive, whilst the PSA a2-macroglobulin 
complex seems not to completely inactivate the PSA 
protease (57). Complex formation with al-antichy- 
motrypsin results in exposure of a limited number of 
the antigenic epitopes of PSA, whereas complex for- 
mation with a2-macroglobulin completely encapsu- 
lates the PSA molecule and blocks the epitopes sites 
(57), Therefore commercial PSA assays are capable of 
detecting total PSA, free PSA, and PSA a1-antichy- 
motrypsin. 

The free, unbound form of PSA ranges between 5% 
and 50% (with typical values of less than 30%) of the 
total measure of PSA. The PSA-ACT complex 
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represents the major molecular form of PSA in the 
serum (with an average of about 70-85%) (57) 

In the two pioneering studies on the molecular forms 
of PSA, Stenman et al. and Lilja et al. found that the 
percentage of frec PSA decreases as the probability of 
the presence of prostate cancer increases (55, 56). This 
observation has been investigated and confirmed by 
several authors (58-66). 

It still remains unclear why men with prostate cancer 
have a lower proportion of free-to-total PSA compared 
to men suffering from benign disease. Oesterling and 
Lilja have hypothesized that this difference might be 
due to mechanisms used by prostatic cells to prevent 
PSA from escaping the prostate ductal system into the 
general circulation (67). These mechanisms are better 
preserved in normal than in cancerous tissues. Bjork et 
al. noted that prostate cancer cells expressed not only 
PSA but also ACT. In contrast there was lack of ACT 
production in BPH arcas (68). Similar observations in 
prostate cancer cell lines and prostate-cancer tissues 
have been reported by Vessella and Lange (57). The 
production of both PSA and ACT by most prostate 
cancers may facilitate the formation of PSA-ACT com- 
plexes and possibly result in lower free PSA levels in 
sera of men with prostate cancer. 

The impressive number of studies that have been 
published since 1991 underlines the existing intensified 
demand to find a new improved, more helpful marker 
than total PSA in distinguishing men with prostate 
cancer from those without malignancy. It also explains 
the growing cnthusiasm for free PSA being able to 
play this role successfully. However, differences in 
design of the reported studies and patient selection 
make comparison of the results a difficult task. 
Moreover there are many factors that might influence 
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the results and conclusions of the free-PSA clinical 
studies, such as: rotal PSA, prostate volume, age, race, 
biopsy verified diagnosis, digital rectal examination 
findings, pathological features, surgical history, drug 
treatment history, biopsy and prostate manipulation, 
sample stability, assay methods, interpretation of 
ROC curves, sample size, and calculation of prostate 
cancer risk (69), The variability in %-free PSA cut-off 
values used (ranging from 14% to 28%), resulted in a 
wide variation of sensitivity and specificity, which 
ranged from 305 to 1005, and from 13% to 95%, 
respectively (58-66). The lack of a commonly 
approved cut-off value of %-free PSA is therefore 
obvious (Table 12.1). 

Another issue that needs to be determined, is the 
optimal range of total PSA levels for the use of the per- 
centage of free PSA. This range is known as the ‘reflex- 
range’. 

While most investigators agrce that the upper limit 
of the reflex range should be 10.0 ng/ml, controversy 
surrounds the determination of the lower limit 
(Table 12.1). In the literature, it is reported that 
prostate cancer can be detected within 3-5 years in 
approximately 13-20% of men with present total PSA 
levels of 2.6-4.0 ng/ml (70, 71). Based on the above, 
Vashi et al. suggested a reflex-range of total PSA from 
3.0 to 10.0 ng/ml for calculation of free PSA. They 
studied 413 cascs and found that in order to improve 
sensitivity, different cut points of %-free PSA should be 
used for men with total PSA levels between 3.0 and 
4.0 ng/ml and men with PSA levels in the range of 
4.1-10 ng/ml (19% and 24%, respectively) (64). 
Catalona et al. reported that the use of a %-free PSA cut 
point of 27% enabled the detection of 90% of cancers 
(20 of 22) and elimination of 18% of negative biopsies in 


Table 12.1 Evaluation of free PSA cut-off values in men with total PSA Jess than 10 ng/ml 
Reference PSA %-Free Sensitivity Specificity 
(ng/m) PSA cut-off (%) (%) 
Luderer et al. (58) +10 25 100 31 
Catalona et al. (59) 4-10 20 90 38 
Prestigiacomo et al. (60) 4-10 14 95 64 
Partin et al. (61) 4-10 20 95 29 
Bangma et al. (62) 4-10 28 91 19 
Catalona et al. (63) 2.6—4 27 90 18 
Vashi et al. (64) 3-4 19 90 48 
4-10 24 95 13 
Catalona et al. (65) 2.54 15 54 67 
2.54 10 30 94 
van Cangh et al. (66) 1.8-10 25 92 32 


Clinical presentation and investigation of prostate cancer 


332 men with total PSA levels between 2.6 and 4.0 ng/ml 
and a normal digital rectal examination (63). 

The clinical utility of %-free PSA cut-off value could 
be the elimination of a number of unnecessary biopsies 
in men with PSA levels lower than 10.0 ng/ml and the 
possibility to indicate the development of an aggressive 
tumor several years before the clinical diagnosis (72). 


New PSA derivatives 


PSA transitional zone density 


Kalish et al. introduced the term PSA transitional zone 
density (PSA-TZ), defined as the ratio of total serum 
PSA (in ng/ml) and transrectal ultrasound-determined 
transitional zone volume (in cm?) (73). This concept is 
based on the knowledge that BPH is almost exclusively 
developed from the transitional zone of the prostate 
(74). Therefore PSA changes due to BPH should come 
almost exclusively from the inner gland elements, prin- 
cipally the TZ, whercas outer gland production of PSA 
should remain relatively constant as the gland enlarges 
due to BPH (73). A PSA-TZ cut-off value of 
0.35 ng/ml/em*, suggested by Djavan et al., provided 
the highest positive predictive value (74%) for prostate 
cancer detection (75). 

Kurita et al. using a PSA transitional zone threshold 
of 0.17 in patients with prostate volume larger than 
40 cm, reported that 88% of the cancers were 
detected, the number of biopsies was reduced by 56%, 
and the positive predictive value was 30%; with a 
threshold of 0.30 the sensitivity, the specificity, and the 
positive predictive value of PSA-TZ for detecting 
prostate cancer were 48%, 92%, and 55%, respec- 
tively (76). The same authors also concluded that PSA 
transitional zone seems to be more useful for selection 
of patients who should undergo prostate biopsy when 
the prostate volume is larger than 40 cm’, Horninger et 
al., using as the unique biopsy criterion a cut-off of 
0.22 for PSA-TZ, demonstrated that 24.4% of unnec- 
essary negative biopsies could be avoided while no case 
of prostate cancer was missed (100% sensitivity) (77). 

It is obvious that the most significant limitation of 
PSA-TZ is the difficulty to calculate precisely the TZ 
volume using transrectal ultrasound. Establishment of 
a standard voluming technique among the many TRUS 
performers should facilitate the output of comparable 
data. Further data are needed to confirm the validity of 
PSA-TZ in distinguishing between men with and 
without prostate cancer. 
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Complexed PSA 


It was reasonable to expect that the next concept to be 
investigated would be the potential role of complexed 
PSA (PSA-ACT) as a tumor marker for cancer detec- 
tion. Progress in the standardization of complexed PSA 
assays allowed the development of clinical studies for 
the evaluation of the clinical usefulness of the com- 
plexed PSA. Initial reported results showed that 
specificity of complexed PSA was higher than that of 
total and free PSA in cancer detection (55, 78, 79). The 
completion of the ongoing studies will provide more 
information about the possible use of complexed PSA 
as an alternative scrum tumor marker. 


The ProstAsure Index 


A new test, the ProstAsure Index, has heen developed 
(80). This index is serum-based and is determined from 
several input variables (age, total PSA, prostatic acid 
phosphatase, and creatinine phosphokinase) using an 
artificial ncural network-derived, non-linear algorith- 
mic procedure. The ProstAsure Index results vary from 
less than 0.0 to greater than 1.0, and are given in terms 
of four zones (1-4). Zone 1 includes values less than 
0.0, zone 2 from 0.0 to 0.5, zone 3 from 0.5 to 1.0, 
and zonc 4 greater than 1.0. It has been suggested that 
normal values are less than 0.5, therefore a man 
classified as belonging in either zone 3 or 4 should 
undergo a prostate biopsy. The Index provides diag- 
nostic improvement in men with serum PSA levels of 
4.0 ng/ml or less. 

Stamey et al., studying 298 men with normal PSA 
levels, found that the Index exhibits a 71% sensitivity 
and a 86% specificity in detecting prostate cancer (80). 
Babaian et al. compared retrospectively the ProstAsure 
Index to %-free PSA for the diagnosis of prostate 
cancer in 225 men. They reported that the sensitivity 
and the specificity using the ProstAsure Index were 
93% and 81%, respectively. Using a %-free PSA cut- 
off valuc of 15%, the sensitivity and the specificity 
were 80% and 74%, respectively; whilst for %-free 
PSA at 19%, sensitivity increased to 93% and 
specificity reduced to 59% (81). The authors concluded 
that the Index achieved statistically significant better 
results than the %-free PSA in detecting prostate cancer 
in men with normal DRE and a total PSA value of 
4.0 ng/ml or less. It is clear that these yet preliminary, 
but promising observations should be validated by 
further prospective studies. 
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Human glandular kallikrein 


The human glandular kallikrein, or hK2 protein, belongs 
to the kallikreins that are a multigene family of serine 
proteases (82). The hK2 product was first described in 
1987 (83) and the primary structure of the hK2 protein 
is a 237 amino acids protcin with an 80% sequence 
homology with PSA (83,84). However, in contrast to 
PSA, which has a chymotrypsin-like protease activity, 
hK2 is a trypsin-like protease (83). Preliminary studies 
on the biologic function of hK2 suggest that it might be 
involved in the activation of proPSA. The hK2 protein 
has been suggested as a new prostate cancer marker 
(85). Darson et al. evaluated the immunoreactivity for 
hK2 in 257 radical prostatectomy specimens. It was 
reported that hk2 was expressed in cvery cancer and the 
expression increased from benign prostatic tissue, to 
high-grade PIN and prostate cancer (86). It is noted that 
the hK2 expression is increased as the grading of the 
tumor increases. Furthermore, hK2 can be detected in 
the serum of patients with BPH or prostate cancer (87, 
88). Kwiatkowski et al. demonstrated that the hk2/free 
PSA ratio had better specificity for prostate cancer at all 
sensitivity levels than total PSA or free/total PSA ratio 
within the range of 4.0-10.0 ng/ml (89). Further studies 
are requircd in order to investigate the potential clinical 
utility of hK2 as a new tumor marker. 


Prostatic acid phosphatase (PAP) 


The acid phosphatases are non-specific enzymes that 
hydrolyze phosphate esters in acidic conditions. Prostatic 
acid phosphatase is an isoenzyme found in greatest con- 
centration in the prostate. This protein of molecular 
weight 100 000 is composed of two identical subunits. 
In 1938, Gutman and Gutman demonstrated clevated 
serum acid phosphatase levels in 11-15% of patients 
with metastatic prostate cancer (90) and 3 years later, 
Huggins and Hodges introduced PAP as a measure of 
response to bilateral orchiectomy or estrogen adminis- 
tration (91). PAP was the first widely used clinical rumor 
marker. However, PAP presented instability, low sensi- 
tivity, and specificity, thus it has been replaced by PSA. 


Transrectal ultrasound 


Transrectal ultrasound (TRUS) is currently the most 
common imaging modality for the prostate, and has 
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become a daily routine procedure in almost any urolog- 
ical department. Since 1955, when Wild and Reid (92) 
first presented a transrectal scanner, important progress 
in imaging quality has been achieved with the employ- 
ment of high-resolution, high-frequency (5-7 MHz) 
transducers in two planes. The use of TRUS includes 
the measurement of gland volume, definition of the 
anatomy and the margins of the prostate, identification 
of suspicious lesions of the prostate, evaluation of the 
seminal vesicles and the base of the bladder, and guid- 
ance of the puncture biopsy needle (53). During the last 
decade, TRUS has been proved to significantly increase 
the detection of prostate carcinoma in comparison with 
digital rectal examination (DRE) (93-95). 

Transducer probe is prepared for the endorectal 
examination by using cither the single-cover technique 
or the double-cover technique. In the single-cover tech- 
nique a disposal latex or rubber cover is placed over 
the part of the transducer that will be placed into the 
rectum. Two types of probes can be used. With the first 
type after the insertion of the probe into the rectum, 
the cover is inflated with 50-100 ml of water through a 
specially designed opening in the external part of the 
probe. This distends the cover, and provides an airtight 
fit against the rectal mucosa placing the prostate in the 
sharpest focal zone of the probe. With the second type 
of probe, an acoustic gel is used instead of the water 
path. The gel is placed between the cover and the probe 
and complete acoustic contact is achieved. 

In the double-cover technique (same with both types 
of probes), after placing the first or inner cover over the 
probe, gel is placed over the tip followed by the second 
cover. After completion of each examination the probe 
can be reused with its inner cover, while the outer one 
is removed. Slight image degradation may be the result 
of the use of double covers. Paticnt’s preparation 
involves a cleansing, self-administered fleet-enema 
2—4 h prior to the examination, so as to induce evacua- 
tion of the rectum. If the examination is to be followed 
by TRUS-guided biopsy, the patient’s preparation also 
involves administration of antibiotics and cessation of 
aspirin or anticoagulants (see below). All steps of the 
procedure are explaincd to the patient prior to the 
examination. 

As mentioned above, a methodical DRE must be per- 
formed before the TRUS, not only to provide the 
examiner with a diagram of irregularities and indura- 
tions of the prostate, but also to exclude any anal and 
rectal pathology (hemorrhoids, narrowed anus, rectal 
tumor). A Tran abdominal ultrasound scanning of the 
gland with longitudinal and transverse sections must 
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also be performed and the volume of the gland should 
be estimated. TRUS can be performed with the patient 
in chest-knee, lateral decubitus, or dorsal lithotomy 
position. The tip of the covered probe and the anus are 
lubricated with gel and the probc is inserted into the 
rectum at a depth of 8-9 cm. Optimal TRUS imaging 
of the prostate requires examination of the gland from 
the base to the apex with both longitudinal and trans- 
verse sections. Once the transducer is placed into the 
rectum, the entire gland is usually seen in longitudinal 
section from base to the apex, including portion of the 
seminal vesicles (SV). The midline is usually imaged 
first with small movements of the probe towards the 
patient’s back or abdomen and slight rotations clock- 
wise or counterclockwise. The right side of the gland 
and the right SV are seen in counterclockwise rotation 
whilst the left side and the left SV in clockwise rota- 
tion. Transverse scanning is possible with 90° rotation 
of the probe. Primarily both SV are studied and then 
the probe is slightly withdrawn to study first the base 
and then the body and the apex of the gland. When 
water path probes are used, better visualization of the 
prostate is achieved by increasing the amount of water 
between cover and probe or by changing its distribu- 
tion with movements of the probe towards patient’s 
back or abdomen. 

The normal central zone (CZ) and peripheral zone 
(PZ) have a similar and uniform echogenicity and 
usually are not distinguished. In patients where differ- 
entiation is possible, CZ appears more echogenic than 
PZ. The transitional zone (TZ) has usually a mixed 
echogenicity with hyperechoic and hypoechoic nodules, 
which create a heterogeneous appearance with distor- 
tions of the outline of the gland. As the prostate 
increases in size with age, the TZ, site of BPH origin, 
becomes the dominant zone. The bladder base is elc- 
vated and the PZ is compressed and becomes more 
echogenic than normal. The seminal vesicles are 
slightly less echogenic than the prostate. They appear 
smaller in the midline than in the lateral aspect. They 
have a variable appearance, and whether large or 
small, bilateral symmetry should be present in sizc, 
shape and echogenicity. 

Lee et al. reported that typical prostate cancers are 
generally hypoechoic areas in the peripheral zone (96) 
(Fig. 12.1). However hypoechogenicity is non-specific 
to prostate cancer. At most only one of three hypo- 
echoic areas will prove to be cancer, whilst carcinoma 
can be also found in normal echoic areas of the 
prostate (97). Similar observations on the appearance 
of prostate cancer on TRUS have been reported by 
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Fig. 12.1 longitudinal image: an hypoechoic prostate cancer 
in the peripheral zone (cursors). 


several investigators who indicated that 16.5-39.0% of 
cancers were detected only in isoechoic sectors 
(98-102). Melchior and Brower, comparing TRUS and 
biopsy results of 2231 patients, found that more than 
70% had hypocchoic lesions on TRUS. However, a 
carcinoma was detected in only 30% of these cases. 
Moreover, carcinoma was also diagnosed in 18.4% of 
men with a normal appearance of the prostate on 
TRUS (102). Ellis et al. (98) evaluated the results of 6- 
sector prostate biopsies in 1001 men. It was reported 
that only 17% of the hypoechoic sectors demonstrated 
carcinoma on biopsy, whercas positive biopsy was 
found in 6,1% of isoechoic sectors and 25% of 
patients had cancer detected only in isoechoic sectors. 
Morcover, small (< 5 mm) foci of prostate carcinoma 
are rarcly detected by TRUS. Extensive tumors involv- 
ing the entire PZ are sometimes difficult to be identified 
because comparison with normal PZ is not possible. 
Likewise, isoechoic tumors are usually not detected and 
tumors in the TZ, are difficult to be identified by 
TRUS, especially if BPH is very prominent. An hypoc- 
choic lesion in PZ found by TRUS could also be the 
result of acute or chronic prostatitis, prostatic intra- 
epithclial neoplasia (PIN), atrophy, and prostate 
infarct, which all limit the specificity of TRUS (103). 
Aarnink and colleagues reported that TRUS, in a 
select group of 717 patients suspected for prostate 
cancer, had 84% sensitivity, 67% specificity, 52% pos- 
itive predictive value, and 91% negative predictive 
value (104). The limited sensitivity and low specificity 
of TRUS has not become higher with the evolution in 
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technology. High-resolution transrectal ultrasound 
scanners have not substantially improved the localiza- 
tion of prostate cancer (104) and 3-dimensional TRUS 
images enhance the staging but not the diagnostic 
ability of the 2-dimensional ultrasonography (105). 
These studies demonstrate low sensitivity and 
specificity in prostate cancer detection by TRUS, there- 
fore TRUS as a ‘stand-alone’ screening tool, is not con- 
vincing. Furthermore, the essential question it does 
raise is whether a TRUS-detected, impalpable prostate 
carcinoma with normal serum PSA concentration, par- 
ticularly in oldcr men, is clinically significant. TRUS 
could be used in combination with PSA and DRE as a 
method for the detection of prostate cancer. 


New imaging techniques 


The need for improved tumor-localizing modalities is 
apparent. Computer analysis of ultrasound images of 
the prostate aims to enhance diagnostic accuracy using 
an automated, and not eye-dependent, interpretation 
(104). Further evaluation of this technique is still 
needed. As cancer, in general, grows faster than normal 
tissue and requires increased blood supply, Color 
Doppler provides visualization of local changes in 
tissue blood supply and vascularization. However, 
early results of the method arc not yet satisfactory 
(106). New imaging techniques using contrast agents to 
enhance the Doppler display of the vessels are also 
under investigation (104). 

Prostate cancer appears on magnetic resonance 
imaging (MRI) as a low signal intensity focus discrete 
from normal tissue. Endorectal MRI was reported to 
have a 61% accuracy of detecting cancer localization 
with 60% sensitivity and 63% specificity. Furthermore, 
detection rate for cancer foci less than 5 mm was 5%, 
whereas that for foci greater than 10 mm it was 89% 
(107). Perrotti et al. demonstrated that tumor localiz- 
ation by endorectal MRI in men with prior negative 
prostate biopsy, was superior to that by TRUS. In addi- 
tion, they reported that the overall diagnostic rates of 
MRI were 69.7% in accuracy, 85.7% in sensitivity, 
64.5% in specificity, 40% in positive predictive value, 
and 94.4% in negative predictive value (108). The 
validity of endorectal MRI in guiding repeat prostate 
biopsies is now investigated. In addition, the applica- 
tion of proton spectroscopic MRI for cancer localiz- 
ation and evaluation of tumor aggressiveness by 
assessing the prostatic metabolites choline and citrate, 
is in the frame of future perspectives (109). 


Prostate cancer 


Combination of diagnostic 
modalities 


As discussed previously, all the diagnostic modalities 
have several limitations that decrease their sensitivity 
and specificity for detecting prostate cancer. Thus, com- 
bination of the tests seems an appropriate method for 
achieving increased cancer detection. In Table 12.2, we 
demonstrate the results of several studies of diagnostic 
investigations with PSA, DRE, and TRUS. The positive 
predictive value (PPV) of these rests (as a percentage of 
recommendations for biopsy pathologically confirmed 
as cancer) provide useful information regarding the 
selection of patients who need to be biopsied. 

As expected, the best PPV was obtained with the 
combination of all three tests (range from 45.2% to 
75%), resulting in increased probability of discovering 
cancer on biopsy. It is noteworthy that elevated PSA is 
the best predictive test on individual basis (PPV ranged 
from 30% to 43%), for detection of prostate cancer. 
Moreover, the association of PSA results with PPV was 
significant. The combinations of PSA with either TRUS 
or DRF are superior to the combination of DRE and 
TRUS. This data support the nced for multimodality 
investigation for early diagnosis of prostate cancer in 
urological practice (110-111). 


Prostatic biopsy 


A prostate carcinoma is definitively diagnosed only by 
tissue histologic confirmation. Today the most widely 
used method for obtaining prostate tissue specimens is 
the transrectal ultrasound guided needle biopsy. In 
daily practice, ultrasound-guided biopsy is indicated by 
an abnormal digital rectal examination (DRE) or ele- 
vated serum prostate-spcecific antigen (PSA) concentra- 
tion. Indeed, the most important role of transrectal 
ultrasound (TRUS) in the diagnosis of prostate cancer 
is that it aids the precise placement of the biopsy 
necdle, based on the visualization of the biopsy trajec- 
tory on ultrasound (Fig. 12.2). The transperincal 
biopsy, much less tolerated by the patient, is not in 
routine usc, with the exception of men who underwent 
abdomino-perineal resection for anal or rectal carci- 
noma (112). Ulerasound-guided biopsies have also 
replaced digitally guided biopsies of palpable lesions in 
current practice due to the superior accuracy of the 
sonographic guidance, as was documented by several 
studies (113-115). 
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Table 12.2 Positive predictive value of cancer for combinations of digital rectal examination (DRE), prostate-specific antigen 


(PSA), and transrectal ultrasound (TRUS) 


Positive predictive value 
(No. of cancers/no. of biopsies) 


References Ellis et al. Rietbergen et al. Catalona et al. Mertlin et al. Schröder et al. 
(98) (110) (11) (15) (111) 

Population Mixed Screening Screening Screening Screening 

DRE(+) 27.4% 27.3% 21.4% 28.0% 36.7% 

irrespective 213/777 265/972 146/683 33/118 54/147 

PSA, TRUS 

PSA(+) 36.8% 29.8% 31.5% NA 43.0% 

irrespective 199/541 351/1176 216/686 43/100 

DRE, TRUS 

TRUS(+) 28.8% 26.8% NA 15.2% 24.9% 

irrespective 230/797 257/958 44/290 54/217 

DRE, PSA 

DRE (-) 0% NB NB NB NB 

PSA (-) 0/24 

TRUS(-) 

DRE (+) 6.4% 10.1% 6.9% 16.7% *13.6% 

PSA (-) 5/78 45/444 16/233 5/30 3/22 

TRUS(-) 

DRE (+) 19.6% 17.4% 20.7% NB 19.0% 

PSA (+) 10/51 124/711 57/276 8/42 

TRUS(-) 

DRE (-) 9.1% 9.0% NB 5.5% 5.5% 

PSA (-) 5/55 40/442 9/164 5/91 

TRUS(+) 

DRE (+) 15.7% 32.2% 41.3% 37.5% 63.6% 

PSA (+) 8/51 48/149 26/63 3/8 7/11 

TRUS(-) 

DRE (+) 14.5% 19.0 13.8% 14.6% 26.6% 

PSA (-) 44/303 38/200 32/232 7148 21/79 

TRUS(+) 

DRE (-) 26.6% 32.8% 29.8% 24.3% 41.7% 

PSA (+) 25/94 45/137 57/191 9/37 5/12 

TRUS(+) 

DRE (+) 45.2% 74.8% 54.7% 68.0% 65.7% 

PSA (+) 156/345 134/179 64/117 17/25 23/35 

TRUS(+) 


PSA(+): greater than 4.0 ng/ml; PSA(-): less than 4.0 ng/ml; DRE(+): abnormal as described in the text; DRE(-): normal 
including benign prostatic hyperplasia; TRUS(+): any hypoechoic sector noted; TRUS(-): no hypocchoic sector noted; NA: 


non available; NB: no biopsies according to the study protocol. 
* Different PSA cut-off values. 


In order to minimize the patient’s discomfort, TRUS 
examination should be performed when the clinical 
and biochemical investigation of the patient is com- 
pleted and the results are known. Combining these 
results with the findings of TRUS, we will be able to 
decide if a prostate biopsy is required and repcat TRUS 
examination will be avoided. Using this approach, it is 
indispensable to prepare the patient for an eventual 
biopsy. It is prudent to investigate any history for 
bleeding diathesis. A fleet encma 2—4 h before biopsy, 
is also necessary. The patient should reccive antibiotic 


prophylaxis (i.e. fluoroquinolone) 1 h before the proce- 
dure. In patients with subacute bacterial endocarditis, 
mitral valve prolapsis, cardiac valve, or prosthetic 
implants, treatment with stronger antibiotics (combina- 
tion of vancomycin and gentamycin), half an hour 
before biopsy and 8 h after the initial dose is recom- 
mended. Anticoagulants and antiplatelet agents, such 
as aspirin and non-stcroid anti-inflammatory agents, 
must be discontinued 5 days before the procedure. 

The invention of spring-firing biopsy instruments 
made prostate biopsy possible without any kind of 
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Fig. 12.2 Biopsy of the lesion of Fig. 12.1. Three needle 
tracks containing air inside the lesion. 


anesthesia for the majority of patients. The apparatus 
employs an 18-gauge tru-cut type biopsy needle with a 
17-mm sample notch near its tip (5 mm from the tip). 
The trigger produces an abrupt advancement of the 
outer cutting clement. This results in the safe and less 
traumatic extraction of a tissue core adequate for the 
histologic diagnosis of the discase and, in case of 
cancer, for the grading of the malignancy. Therc is a 
wide range in size, shape, and length of the biopsy 
needles and trigger type devices available in the market. 

A guide instrument for the needle, specially designed 
for each type of endorectal probe, is placed in position 
over the probe that is covered with the inner cover. 
Following application of gel over the tip of the probe, 
and placement of the second cover, the probe is posi- 
tioned within the rectum and the TRUS study is per- 
formed. The needle with the trigger device is inserted 
through the biopsy guide, until the line of sight of 
needle insertion is displayed on the screen and then is 
placed to biopsy the abnormality. The trigger is 
rcleased and the needle is automatically advanced 
about 20 mm (depending on the trigger device used) to 
obtain a core sample. Biopsies are performed in longi- 
tudinal images. The prostatic urethra is easily seen with 
TRUS and should be avoided. 

Transrectal ultrasound-guided prostate biopsy is 
considered safe. The main complications of TRUS- 
guided biopsy are hematuria, hematospermia, rectal 
bleeding, urinary infections, vasovagal reactions, and 
peri-prostatic hematoma causing pain and discomfort 
to the patient (116). The most common complication is 
hematuria with a reported incidence varying from 20% 
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to 50%, and duration of 3-7 days, but significant 
hematuria with clots occurs in only 1-2% of patients 
biopsied (112, 116-118). However, complications are 
gencrally minor and self-limited. In only 0.4-1.2% of 
patients, severe complications requiring hospitalization, 
may be appeared (116-118) Proper patient preparation 
and good examination technique by an experienced 
examiner can reduce the number and severity of com- 
plications. In our series, urinary infection occurred in 
27 of the 537 patients biopsied (5%), and 5 patients 
experienced significant hematuria (0.8%). However no 
patient required hospitalization (119). 

An important concern of the urologist is the determi- 
nation of the sampling regions of the prostate, as well 
as the adequate number of cores required for optimal 
results. Unfortunately, no information on tumor local- 
ization is provided by PSA levels, and it seems that 
DRE and TRUS have limited accuracy in localizing 
prostate cancer. Flanigan and colleagues (120), in a 
multicenter prostate cancer screening study, performed 
quadrant biopsics in 1086 men with PSA levels 
> 4.0 ng/ml, and/or abnormal DRF. Cancer was found 
in only 11% (110 from 1002) of the prostatic quadrants 
suspicious on DRE, and 9% (308 from 3342) of those 
quadrants that wcre not suspicious. Consequently, 74% 
of quadrants with cancer (308 from 418) or 61% of 
patients (137 from 225) would have been misscd if only 
the exact site of the palpable induration had been biop- 
sied. They also showed that cancer was detected in 18% 
(153 from 855) of the sonographically suspicious quad- 
rants, and 8% (282 from 3581) of those that were sono- 
graphically normal. Therefore, 65% (282 from 435) of 
quadrants harboring cancer or 52% of patients (131 
from 251) would have been missed if only the hypoe- 
choic areas had been biopsied. 

The limited value of directed ultrasound-guided 
biopsies of specific hypoechoic areas was first demon- 
strated by Hodge et al. (113). The authors introduced 
the systematic six transrectal core biopsies of the 
prostate compared to directed biopsies in 136 men 
with abnormal DRE. Nine per cent of cancers detected 
by systematic biopsies were missed by directed biop- 
sies. According to the authors, the six systematic biop- 
sies should be spaccd at the apex, mid gland, and base 
of each lobe. This technique was also analyzed by 
Hammerer and colleagues (99). The systematic sextant 
biopsies and additional biopsy of any hypoechoic arca 
or palpable abnormality remain the gold standard for 
the histological sampling of the prostate. Nevertheless, 
alternative biopsy schemes for optimal sampling of the 
prostate, have been evaluated by a number of investiga- 
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tors, with emphasis on the potential effect of prostate 
volume on the cancer detection by systematic sextant 
biopsy (121-127). The seemingly reasonable concept is 
that the chance for sampling error increases as the 
prostate enlarges. Eskew et al. suggested the ‘five- 
region prostate biopsy’ scheme that calls, in addition to 
sextant biopsies, for cores obtained from the far lateral 
and mid regions of the gland. A total of 13 cores in 
prostates smaller than 50 g, and 18 cores in those 
larger than 50 g, were sampled. The authors found this 
technique superior to the sextant biopsy; 17 from the 
48 prostate cancers (35%) were detected only by the 
additional biopsies (121). Norberg et al. compared the 
standard sextant ultrasound-guided prostate biopsy 
with different biopsy models provided by combinations 
of 8-10 standardized samples with or without targeted 
biopsies in 512 men. A total of 276 cancers were 
identified but sextant biopsy missed 15% of them 
(122). Uzzo et al. analyzed 1021 sextant biopsies and 
showed that positive biopsy yield increased 
significantly in prostates smaller than 50 cm? than in 
those larger than 50 cm? (reported cancer detection 
was 38% and 23%, respectively) (123). Letran et al. 
reported similar results with 1057 men who underwent 
ultrasound-guided sextant biopsies. Cancer detection 
was significantly lower (22%) in prostates with volume 
greater than 55.6 cm? compared with those with 
volume less than 55.6 cm? (33.8%). It was concluded 
that 6 systematic biopsies are adequate for men with 
total prostate volume smaller than 55.6 cm’; however, 
for larger prostates the optimal number of biopsies 
needs to be determined (124). Vashi et al. introduced a 
mathematical model to establish the number of cores 
required to detect life-hreatening prostate cancers, on 
the basis of patient age and prostate volume. Using this 
theoretical model, they show that sextant biopsy was 
adequate only for the few of prostate glands (125). 
However, a number of studies failed to demonstrate 
any correlation between the TRUS-determined prostate 
volume and the number of needle biopsies required for 
detecting prostate carcinoma. Brown et al. performed 
two additional biopsies in the most suspicious areas 
(identified on TRUS or DRE) thar resulted in only one 
additional case of cancer (1.1% of cancers). This data 
indicated that systematic sextant biopsy is adequate in 
most men (126). More recently, Ravery et al. evaluated 
an extensive biopsy protocol, consisting of four system- 
atic biopsies in addition to the standard sextant biop- 
sies. Only four cancers were detected by the additional 
biopsies alone in prostates smaller than 50 cm’, result- 
ing in a 4% increase in cancer detection rate. 
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Furthermore, in prostates larger than 40 cm’, only one 
cancer was found by the additional biopsies, represent- 
ing a 1.6% increase of detected cancers. The authors 
concluded that an increase in the number of cores has 
not a significant impact on cancer detection rate (127). 
Moreover, there is always the risk that the increasing 
number of sampled cores could result in identifying 
clinically insignificant prostate cancers. The problem 
could be solved by large series that will analyze the 
radical prostatectomy data of the patients who were 
found by the additional prostate biopsies only. 

Routine transition zone (TZ) biopsy has also been a 
controversial issue. Since approximately 20% of 
prostate cancers originate from the transition zone a 
significant increase in cancer detection rate should be 
expected with additional transitional zone sampling. 
However, the reported proportion of prostate cancers 
detected exclusively in the transition zone biopsies was 
surprisingly low, ranging from 1.8 to 2.9% of total 
cancers (128, 129). Similarly, Fleshner and Fair per- 
forming 204 transition zone prostate biopsies in 185 
men found eight isolated transition zone cancers only 
in the group of 156 paticnts who underwent a repeat 
biopsy, which represented 15.7% (8/51) of the cancers 
detected in this group. No sole transition zone carci- 
noma was detected among the seven cancers found in 
the group of 29 initially biopsied men (130). Chang et 
al. suggested that the discrepancy between the inci- 
dence of transition zone cancers and the results of the 
additional transitional zone biopsies could be the result 
of the sampling of transitional zone tissue by the 
peripheral zone (PZ) biopsy and the limited number of 
biopsy cores taken from the transitional zone. By per- 
forming systematic sextant biopsies of both the periph- 
eral and transitional zone in 213 large prostates, the 
authors demonstrated that PZ biopsies detected 
significant number of TZ cancers, and 13% of the 
cancers were found by the additional TZ biopsies only 
(131). Nevertheless, patient discomfort, increased mor- 
bidity and cost of the additional biopsies cannot be 
ignored. It is therefore reasonable to suggest that 
routine TZ biopsies should be reserved only for 
patients with a previous ultrasound-guided negative PZ 
biopsy (128-132). 

An interesting approach towards the identification of 
the adequate number and location of needle biopsies is 
the development of a computer simulation model of 
prostate biopsy (133, 134). Karaliewicz et al. simulated 
five 3-dimensional prostates ranging from 20 to 
100 cm* in size and evaluated five different biopsy 
methods on all prostate models. They concluded that a 
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gland volume-based biopsy algorithm was likely to 
improve detection of prostate cancer and recommended 
that one core for at least every 5 cm? of prostatic tissue 
should be taken (133). More recently, Chen and col- 
leagues digitally reconstructed 180 radical prostatec- 
tomy specimens and assessed 10 different biopsy 
schemes using a simulation system. They demonstrated 
that the detection rate of prostate cancer depended on 
both the numbers of biopsies and the sampled regions 
of the gland, A new 11-core multisite-directed scheme, 
consisting of sextant, two transition zone, one midline, 
and two anterior horn biopsies, proved to be most 
effective in this simulation study (134). 

The use of numerous simulations in these experimen- 
tal models allow the assessment of several parameters 
that may influence biopsy results (such parameters 
include prostate volume, gland shape, tumor volume, 
tumor localization, number of biopsy cores, and distri- 
bution of biopsy needles), otherwise difficult to investi- 
gate in clinical practice (135-139). Nevertheless, 
clinical studies arc required in order to reproduce the 
simulation results and examine the applicability of the 
suggested biopsy techniques in daily practice. 

In case of the histological examination of sampled 
tissuc reveals the presence of prostate cancer, staging 
of the disease will follow and the appropriate treat- 
ment will be offered. If biopsy results are negative for 
cancer, the clinician will face a new dilemma, how to 
manage a patient who had a strong indication (clini- 
cal, biochemical, imaging) for biopsy, but a negative 
biopsy result. Recent studies are focused on the need 
to perform repeat biopsies to men with previous nega- 
tive biopsies. The positive repeat biopsy rate in men 
with initial negative biopsy ranges from 11% to 38% 
(Table 12.3). Efforts have been made to identify 
patients who will need to be re-biopsied without sub- 
mitting all patients to this invasive procedure 
(140-144). 

A solid criterion for performing a repcat biopsy is 
the finding of isolated high-grade prostatic intra-epithe- 
lial neoplasia (PIN) in the first needle biopsy. PIN is 
considered to be a precursor of prostate carcinoma. 
The clinical significance of PIN is its high predictive 
value as a marker for prostate carcinoma (145) and its 
identification in 82% of step-sectioned autopsy pros- 
trates with cancer (146). Thus, repeat biopsy is war- 
ranted either to identify a possible existing concurrent 
carcinoma missed by the first biopsy or to detect a sub- 
sequently developed prostate cancer. Several studies on 
the results of repeat biopsies for initial isolated high- 
grade PIN have been published (147-151). Cancer- 
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detection rate of repeat biopsy ranges from 35% to 
100%. Most of the reports have an interval between 
initial and subsequent biopsy of less of than 1 year, 
indicating that the cancer was most probably co- 
existent. Patients with high-grade PIN should be re- 
biopsied after 3-6 months to exclude concomitant 
cancer. In the case of a negative repeat biopsy, patients 
should undergo the follow-up examinations, including 
PSA, DRE, TRUS, and repeat biopsy, biannually 
during the first 2 years and thereafter annually. 
Persistently elevated PSA values, a rapidly increasing 
PSA value, and an abnormal DRE are the current indi- 
cations for re-biopsy. Recent studics investigated the 
potential role of PSA derivatives in identifying patients 
at high risk, requiring repeat prostate biopsy. 
Conflicting resulrs have been reported. There are 
studics that failed to demonstrate any superiority of 
PSA derivatives (PSA density, %-free PSA, PSA veloc- 
ity, age-referenced PSA) to PSA cut-off value of 
4.0 ng/ml (136, 152). Furthermore, Fleshner et al. 
defined a subgroup of patients who were considered to 
be at the lowest risk for a positive repeat biopsy. These 
patients fulfilled the following criteria: PSA Icss than 
10 ng/ml, PSA density less than 0.15 ng/ml/cm?, PSA 
velocity less than 0.75 ng/ml/year, no PIN or atypia at 
the initial biopsy, negative DRE, negative TRUS, and 
no family history of prostate cancer. The positive 
repeat biopsy ratc in this group was surprisingly high, 
23.8% (5 of 21 patients) (135). In contrast, Morgan 
et al. demonstrated that a %-free PSA value less than 
10%, which had 91% sensitivity and 86% specificity, 
in a selected group of men with persistently elevated 
serum PSA, a normal DRE, and two prior negative 
biopsics (138). Similarly, Catalona et al. evaluated 99 
men who had PSA values of 4.01-10.0 ng/ml, a normal 
DRE, and prior negative biopsics. They detected 20 
cancers on the repeat biopsy (20.2%) and found that 
both free PSA and PSA density were useful for predict- 
ing prostate cancer. Percentage free PSA cut-off values 
of 27.8% and 29.6% had 90% and 95% sensitivity 
and eliminated 13.4% and 11.9% of the unnecessary 
biopsies, respectively. The PSA density cut-off values 
that yielded 90% (0.1) and 95% (0.08) sensitivity 
avoided 31% and 12% of the negative biopsies, respec- 
tively (153). False-negative rate is present in repeat 
biopsy as well. A difference between the positive rate of 
first repeat biopsy and the positive rate of all repeat 
biopsies was observed in studies where patients under- 
went more than one repeat biopsy (Fig. 12.3). This dif- 
ference mirrors the need for a certain number of patients 
to undergo serial prostate biopsies (154). However, 
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Repeat Interval Positive rate Positive rate 
First biopsy Indication biopsy between of first of all 
Refcrence scheme for re-biopsy scheme initial and repeat repeat 
final biopsy biopsy biopsies 
Fleshner Sextant PSA > 4 or Sextant 12.8 Months 30% *30% 
et al. (135) DRE(+) +TZbiopsics (mean) (39/100) (39/130) 
+suspicious 
Ukimura Directed or No PIN and Directed or 17+16.1 17% (33/193) 26% (51/193) 
et al. (136) sextant or PSA > 40r sextant or Months 
combined DRE(+) or combined 
biopsics TRUS(+) biopsies 
Ellis and Sextant PIN or Sexrant 15.0 Months NA 21% (20/96) 
Brawer (137) dPSA > 20% per year (mean) 
or PSA > 4 or 
DRE(+) 
Morgan Sextant PSA > 4 and Sextant NA NA 16.4% 
et al, (138) DRE(-) +TZ biopsies (11/67) 
Durcan and NA PSA > 4 Sextant NA 23% 31% 
Greene (139) +suspicious (11/48) (15/48) 
Rietbergen Sextant PSA > 4 or Sextant 12 Months 11% (49/442) *11% 
et al. (140) +suspicious DRE(+) or +suspicious (49/442) 
TRUS(+) 
Kectch 4-6 Cores PSA > 4 and 4-6 Cores 12 + 8 Months 19% (82/427) 24.4% 
et al. (141) DRE(+) (104/427) 
or TRUS(+) 
Rovner Sextant PSA > 4 9 Cores 8.4 Months NA 24% 
et al. (142) + suspicious (mean) (17/71) 
+TZ biopsies 
(52/71) 
Roehrborn Sextant PSA > 40r Sextant NA 23% 24% 
et al. (143) DRE(+) (28/123) (30/123) 
Lui Sextant PSA > 10 or Sextant+TZ NA 37.7% (17/47) *37.7% 
et al. (144) dPSA > 20%/y biopsies 17/47 
DRE(+) 


Positive rate of first repeat biopsy: cancer-detcction rate of only the first repeat biopsy. 
Positive rate of all repeat biopsies: cancer-detection rate of all repeat biopsies. 

PSA: prostate-specific antigen; DRE: digital rectal examination; TRUS: transrectal! ultrasound; PIN: prostatic intra-epithelial 
neoplasia; dPSA: % increase of PSA per year; TZ: transitional zonc; NA: no available. 
* Only one repeat biopsy was performed. 


Keetch et al. found that 96% of cancers (473 of 495) 
were detected on the first two biopsies. Therefore, they 
suggested that a third biopsy should be reserved for 
men with strong clinical suspicion of carcinoma based 
on an abnormal DRE, and/or a high PSA level (141). 
Rovner et al. evaluated the significance of 
transurethral prostate biopsy in 71 men with prior 
multiple negative transrectal biopsies due to clevated 
serum PSA levels. Four-quadrant transurethral prostate 
biopsy identified only 2 of 19 patients with cancer, 
In addition, both patients also had positive repeat 
transrectal ultrasound-guided biopsy. Therefore, 
transurethral prostate biopsy did not appear to yield a 


greater numbcr of patients with prostate cancer than 
repeat sextant biopsies (142). Ornestein et al. found 
prostate cancer in 16% of men with symptomatic 
benign prostatic hyperplasia and at least one prior neg- 
ative biopsy, undergoing transurethral resection of the 
prostate. In addition, 89% of the detected cancers were 
clinical stage T1b or greater. Using a theoretical model, 
they estimated that TURP might increase prostate 
cancer detection by 20% in men with symptomatic 
BPH, serum PSA greater than 4.0 ng/ml, and/or a sus- 
picious DRE (155). Stamey reported that some of the 
transitional zone cancers are located anterior or just 
anterolateral to the urethra and thus, they are difficult 
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Every man Man > 40 years 
> 50 years (high risk) 


DRE and PSA 


DRE(-) and 
PSA 4-10 or 
PSA 2.5-4 

(age < 60) 


ORE(-) and 
PSA < 4.0 
(age > 60) 


DRE(-) and 
PSA < 2.5 
(age < 60) 


DRE(+) 


PSA 2.5-4 | | PSA 4-10 
F/T < 20% || F/T < 25% 


TRUS-guided 
sextant biopsy 
+ suspicious areas 


After 12 months 
DRE, PSA, 
PSA velocity 


Fig. 12.3 The diagnostic algorithm for detection of prostate 
cancer. High risk: positive family history or black race; DRE: 
digital rectal examination; DRE(+): abnormal; DRE(-): 
normal including beign prostatic hyperplasia; PSA: prostate- 
sepcific antigen; F/T: free to total PSA ratio; TRUS: transrectal 
ultrasound. 


to be sampled by transrectal biopsies (155). 
Transurethral resection of the prostate could be a way 
to diagnose cancer in some of these cases, when numer- 
ous prostate biopsies are negative but a high level of 
clinical suspicion exists. However, intentional 
transurethral resection of the prostate is rarely indi- 
cated to establish the diagnosis of a prostate carcinoma 
(112). 


Recommendations 


Following the updated guidelines of the American 
Cancer Society, beginning at age 50, annual PSA test 
and DRE are recommended to men who have at least a 
10-year life expectancy and to younger men who are at 
high risk (156). Most urologists would not hesitate to 
recommend ultrasound-guided prostate biopsy to any 
patient with an abnormal DRE and/or elevated serum 
PSA concentration (greater than 10 ng/ml). The 
dilemma that clinicians often face is whether a man 
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with a normal DRE and serum PSA levels less than 
10 ng/ml, should or should not be biopsied. 

The decision for biopsy in this subpopulation of men 
with normal DRE and PSA levels between 4.0 and 
10.0 ng/ml should be based on a balance betwcen the 
need to detect all prostate cancers and the desire to 
prevent patients from undergoing unnecessary prostate 
biopsies, and consequently decrease the cost associated 
with TRUS and biopsy. Cooner showed that from 
every 18 men with PSA submitted to TRUS and 6.1 
men to prostate biopsy, only 1 man with cancer should 
be detected. The necessity of such a decision is ques- 
tionable, especially if we consider that we are not able 
to release the 12 men with negative TRUS and the 5 
men with negative biopsy, by excluding the presence of 
an undetected cancer (157). 

The controversy regarding the criteria that should be 
used to identify patients who are eligible for biopsy, 
still remains. In the gray-zone of 4.0-10.0 ng/ml of 
total PSA, there is not a definitive test for prostate 
cancer that could be used as the sole indication for a 
prostate biopsy. All suggested PSA derivatives have 
been presented in details and their limitations and 
potential applications have been discussed. It seems 
that %-free PSA should be considered as an adjunctive 
tool in distinguishing men with from those without 
prostate cancer. Unfortunately there is lack of a univer- 
sal consensus on the cut-off value that will guide the 
clinician to determine the management of individual 
patients. Catalona and colleagues demonstrated that 
cancer risk in men with serum PSA levels between 4.0 
and 10.0 ng/ml and a normal DRE, was 20.7%, which 
was equivalent to that found for a suspicious DRE 
alone (21%). As suspicious DRE is an indication for 
biopsy, the authors considered reasonable that TRUS- 
guided prostate biopsy should be recommended for all 
men with PSA level from 4.0 to 10 ng/ml as well (11). 

Another complex issue is the selection of the optimal 
serum PSA cut-off value for the carly detection of 
prostate cancer. The use of age-specific PSA ranges for 
men younger than 60 years may be acceptable for clini- 
cians who consider it more important to identify more 
men with potentially curable cancers despite the 
increasing numbcr of negative biopsies. Universal 
guidclines as to the proper management of individuals 
suspected to have prostate cancer do not exist due to 
the complexity and variability of the disease. 
Recommended detection strategies have their propo- 
nents and their critics, thus information about the 
potential risks and benefits of each intervention should 
be shared with the patients. Calculation of probabilities 
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of having prostate cancer based on patient age, toral 
PSA, and %-free PSA, which has recently begun to be 
used, may provide information on which urologists 
and patients could be base their decision-making as to 
the necessity for prostate cancer. 

The diagnostic algorithm for the investigation of 
prostate cancer shown in Fig. 12.3 outlines our 
approach to this controversial issue. We rely on age- 
specific PSA reference ranges for men younger than 60 
years and %-free PSA for men with total PSA between 
2.5 and 10.0 ng/ml! and normal DRE, to determine 
whether a prostate biopsy is required. PSA velocity is 
employed for the surveillance of men with normal PSA 
or a prior negative biopsy. In the future, modifications 
of this algorithm may prove necessary as more studies 
on the effectiveness of these parameters and the factors 
that affect %-free PSA are currently under evaluation. 
Furthermore, an algorithm may appear very effective in 
a patient population but the management of an individ- 
ual patient could differ as it is influenced by personal 
factors including family history, life expectancy, and 
patient will, 
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Introduction 


Similar to the detection of colon cancer, breast cancer, 
and soft tissuc tumors, tools used to confirm prostate 
cancer, determine prostate cancer stage, and monitor 
treatment effect include: 


@ physical examinations 
@ laboratory tests 
© imaging studies. 


Indeed, physical examination or digital rectal examina- 
tion (DRE) has been the mainstay for prostate cancer 
detection. As the prostate is located close to the rectal 
wall, digital examination when palpating the rectum 
can identify lesions in the prostate that might corre- 
spond to the presence of prostate cancer. However, 
DRE can only reveal hard lesions on the dorsal side, 
since lesions in the ventral side of the prostate are 
usually impalpable. Furthermore, false-positives might 
occur due to the presence of calcifications in the 
prostate. This means that the overall accuracy of DRE 
in detecting prostate cancer is limited. A sensitivity and 
specificity of 38.7% and 96.4% has been reported for 
prostate cancer detection in 2999 men participating in 
the American Cancer Society National Prostate Cancer 
Detection Program (1). In another study, a sensitivity 
of 87% and a specificity of 60% for prostate cancer 
detection were reported in a selected group of 232 
patients who underwent biopsies because of an ele- 
vated PSA or a suspicious DRE (2). 

Prostatic acid phosphatase was in usc as a prostate 
cancer marker since the early 1980s, but a more sensitive 
marker, prostate-specific antigen (PSA), has gradually 
replaced it. This prostate-specific antigen marker has the 
possibility to detect abnormal conditions, as increased 
levels above the normal value indicate the possible pres- 
ence of prostate cancer. However, an clevated serum 


level can also occur in case of a benign disease of the 
prostate or prostatitis (inflammation). On the other 
hand, PSA levels might be in the normal range although 
prostate cancer is found at histopathologic inspection of 
biopsy cores or whole mount specimen. This means that 
PSA is neither an ideal marker for sensitivity and 
specificity to detect prostate cancer, but it is currently the 
only tumor marker available for the serum. PSA alone 
resulted in a sensitivity and spccificity of 69.2% and 
89.5%, respectively, (1) in a screening population, and 
96% and 14%. in a selected population (2). 

Imaging studies in prostate cancer detection showed 
significant changes in the past decades. Ultrasound was 
first introduced to detect prostate cancer in the 1970s. 
It received initial enthusiasm, it was even included in a 
triad together with PSA testing and rectal examination 
to make the diagnosis, but interest in ultrasound was 
lost because of a lack of diagnostic power. Recently, it 
has been reported that conventional gray-scale ultra- 
sound has little advantages in detecting prostate cancer 
in a screening population. Currently, imaging modal- 
ities including MR scanning, CT scanning, PET scan- 
ning, and advanced ultrasound imaging receive 
renewed and increased interest because of significant 
improvement of the technology and addition of new 
information for diagnostic differentiation. 

Due to the not optimal detection program, research 
on improvement of prostate cancer detection has 
focused on the identification of new tumor markers, as 
well as on the improvement of imaging modalities. To 
evaluate the efforts and progress in that field, we have 
monitored the number of papers appearing on each 
subject over the past 15 years (1984-98). We used the 
National Library of Medicine (3) (found on the Internet 
at URL: http://www.ncbi.nlm.nih.gov/PubMed/) to 
identify the number of papers per year. In Table 13.1, 
the subjects are listed, together with the maximum 
number of papers, the year of the maximum number of 
papers, and the growth assuming an exponential 
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Table 13.1 Query used in Medline: subject, prostate cancer and year 

Subject Max papers Year of max. no. papers Growth 
Prostate cancer 2741 98 0.095 
Digital rectal examination 106 98 0.206 
Prostate specific antigen 837 98 0.259 
Transrectal ultrasound 185 97 0.171 
Tumor markers 779 98 0.311 
Prostatic acid phosphatase 59 88 -0.036 


increase in the number of papers. Figure 13.1 illustrates 
the number of papers that appeared on prostate cancer, 
and PSA, DRE and TRUS in combination with prostate 
cancer during the past 15 years, including trend lines 
assuming exponential growth. In Fig. 13.2 the esti- 
mated factor describing yearly growth is presented for 
all subjects mentioned in Table 13.1. From this figure, 
we can conclude that prostatic acid phosphatase is 
‘out’ in prostate cancer, while tumor markers are the 
hottest topic in prostate cancer. Interesting is that PSA 
and DRF. show a larger increase compared ta TRUS, 
which might indicate that the first are less controversial 
in prostate cancer detection. The fact, however, that 
the absolute number of papers appearing on TRUS is 
higher than on DRE indicates that there still is a role 
for ultrasound in prostate cancer. 

In this paper, we aimed to present an overview of the 
role of imaging modalities in the detection of prostate 
cancer. First, we present the rationale to improve the 
imaging of prostate cancer. Second, we focus on differ- 
ent imaging modalities used in prostate cancer detec- 
tion, including ultrasound, magnetic resonance 
(imaging and spectroscopy), computed tomography, X- 
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Fig. 13.1 The number of papers that appeared on prostate 
cancer as whole, and PSA, DRE and TRUS in combination 
with prostate cancer. Assuming an exponential growth, trend 
lines indicate the average increase in the past decade. 


ray, nuclear imaging, and radioactive labeling. Finally, 
we present the role of imaging in prostate cancer detec- 
tion and staging as advocated by the World Health 
Organization. The role of imaging in monitoring trcat- 
ment effect, a rather new and unexplored area, has 
been left out of the discussion in this paper. 


Prostate cancer prevalence and 
incidence, and the role for imaging 


Prostate cancer is the most common cancer among 
American men, and the second leading cause of cancer- 
related deaths. In Europe, similar trends are observed. 
As treatment options increase and outcome improves 
with carlier stage cancers, detection of cancer should be 
attempted at an early stage. The established early- 
detection program of prostate cancer currently includes 
a digital rectal examination and a serum PSA level 
determination. If one or both indicate a suspicion for 
malignancy, ultrasound guided biopsies are indicated 
to make the final diagnosis. 
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Fig. 13.2 The average increase in number of papers of the 
past 15 years for each subject. It is assumed that the number 
of papers increase exponentially, and an exponential fit was 
performed on the data. 


Imaging in prostate cancer 


Once the diagnosis of prostate cancer has been 
made, the grade and stage of the tumor should be 
established prior to initiating therapy. Initial discrim- 
ination between low-risk and high-risk patients for 
extra-prostatic tumor involvement, seminal vesicle 
invasion, and/or lymph node involvement is based on 
clinical stage, PSA, and biopsy Gleason score, com- 
bined in the Partin tables (4). High-risk patients are 
defined as those who have a PSA greater than 10 ng/ml 
and/or a Gleason score greater than 6. Low-risk 
patients with histologically proven prostate cancer are 
considered suitable for retropubic radical prostatec- 
tomy, the curative treatment of choice for organ- 
confined disease. In high-risk patients, additional tests 
are required to evaluate whether curative therapy is 
still possible for these patients. These additional tests 
include radionuclide bone scan to reveal bone metas- 
tases, computerized tomography (CT), and MRI to 
evaluate extra-prostatic extension, seminal vesicle inva- 
sion, and lymph nodc involvement. Depending on the 
findings, appropriate treatment will be selected, con- 
sisting of radical prostatectomy, radiotherapy (external 
or interstitial), or hormonal therapy. Also, alternative 
localized treatments can be considered, such as 
radiofrequency interstitial-tumor ablation, high-inten- 
sity focused ultrasound, and cryosurgery, but none of 
these treatments should be considered as established 
therapy for prostate cancer. 

It is concluded that imaging plays a role in the diag- 
nosis of prostate cancer, as well as in the staging of his- 
tologically proven prostate cancer. However, the role 
of imaging has not yet been fully employed, and in 
many aspects of imaging, research projects are per- 
formed to improve the detection, localization, and 
staging of prostate cancer. Also for treatment guidance 
and follow-up, imaging has found increasing interest, 
e.g. in the guidance of interstitial radiation therapy. We 
present the current status of ultrasound, magnetic reso- 
nance, computerized tomography, and nuclear imaging 
in displaying the prostate and prostate cancer. 


Medical imaging modalities 


Several imaging modalities have found thcir way in 
current clinical practice, and these modalities are either 
based on X-rays (CT imaging), sound (ultrasound 
imaging), magnetic fields, and radiofrequency waves 
(MR imaging), or the detection of radionuclides 
(nuclear imaging). The target of each imaging modality 
is to replace invasive procedures as a means to obtain 
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the desired information, to add important information 
not available from other tests, assist during interven- 
tion, or to replace otherwise costly procedures. 
Sometimes its target is to provide detailed information 
of the anatomy of the object, but also physiological 
function might be of interest during the imaging 
session. 


Ultrasound 


Ultrasound scanners usc reflections of pulsed sound 
waves emitted into the medium at high frequencies to 
display internal structures. The transducer is capable of 
producing sound waves that can be emitted into the 
surrounding medium for a given period of time, and 
reflected parts in periods not used for emission are used 
to construct a display of the examined tissue. Usually 
this is donc along a number of lines covering the 
medium of interest, and reflections along each line are 
recorded. Reflections occur in regions with different 
acoustic properties, and the larger the difference in 
acoustic impedance the stronger the reflection. As the 
sound wave is attenuated by absorption and scattering, 
time-gain compensation is used to enhance and display 
regions that are further away from the transducer. The 
reflected and amplified signals are processed and con- 
verted to a 2D-grid displaying the amplitude of the 
reflected signals as intensity at locations corresponding 
to the anatomic origin of the examined tissue. 
Although many operations are needed to convert 
reflected sound waves to images, current machines are 
capable of displaying 20-30 images per second result- 
ing in a real-time image. 

Transrectal ultrasound of the prostate was intro- 
duced in the early 1970s in Japan (5) and the ultra- 
sound chair developed for the purpose of screcning at 
large has become famous in the urology world. 
Nowadays, transrectal ultrasound is applied in the left 
decubitus or lithotomy position using a high-frequency 
rectal probe. Due to the close approximation to the 
prostate, less penetration of ultrasound is required and 
higher frequencies can be applied ranging between 5 
and 8 MHz. Transverse and longitudinal scans can be 
made allowing complete scanning of the prostate. 
Currently, transrectal imaging has become a routine 
procedure for assessing prostate diseases. Assessment 
of prostate size with ultrasound is well established in 
the urology clinic. Also, the use of ultrasound for 
biopsy guidance to obtain final diagnosis of prostate 
cancer has become widespread. 
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TRUS can also be used to reveal malignant areas in 
the prostate as prostate cancer might appear as a 
hypoechoic lesion in the image. A hypoechoic lesion 
observed in the peripheral zone, where the majority of 
cancers develop, is especially an indication of a malig- 
nant process. In Fig. 13.3, an example of a hypoechoic 
lesion in the prostate is presented showing a series of 
transverse sections in gray-scale ultrasound, However, 
not all prostate cancers appear hypoechoic, and not all 
hypoechoic lesions are malignant. Therefore, the detec- 
tion of malignant tumors with ultrasound is a combi- 
nation of findings, including echogenicity, prostate 
asymmetry, and bulging or disruption of the prostate 
capsule. However, the interpretation of the images is 
dependant on the expertise of the sonographer. 
Furthermore, the appearance of malignant lesions may 
vary in the image depending on lesion size and loca- 
tion, and transducer specifications. Due to these limita- 
tions, the detection of prostate cancer with ultrasound 
is limited, and the presence of malignancy should 
always be confirmed by histopathological analysis of 
removed tissue prior to initiating therapy. 


Fig. 13.3 Transverse images from basc to apex at 4-mm inter- 
section distances showing a hypoechoic lesion corresponding 
to a T2 malignancy in the prostate, proven by radical 
prostatectomy. 


Prostate cancer 


In the literature, a number of papers have been 
reported thar studied the value of ultrasound in detect- 
ing malignancy in the prostate. Farly studies reported 
high diagnostic accuracy in evaluating prostate dis- 
eases, in the range of 80% (6-9). Also, the results 
reported in the large study of Watanabe in 1980 were 
impressive. However, in the 1980s, reports indicated 
that TRUS was not an ideal technique to screen for 
prostate cancer duc to a limited positive predictive 
value, although it is more sensitive in detecting cancer 
compared to rectal examination. The introduction of 
PSA in the clinical decision-making in the early 1990s 
further reduced the importance of TRUS in screening 
for prostate cancer, as PSA and DRE became the first- 
line parameters in the early detection of prostate 
cancer. The role of ultrasound shifted towards the 
guidance of biopsies in case of suspicion for malig- 
nancy indicated by these parameters and the evaluation 
of clinical stage of detected tumors. Curative therapy 
can be considered only an option in case of organ- 
confined disease, and extracapsular involvement is a 
contra-indication to perform, for example, radical 
prostatectomy. Identification of extra-prostatic exten- 
sion or seminal vesicle involvement prior to surgery has 
been attempted with ultrasound, and clinical staging 
improved when adding ultrasound to the decision 
process (18-20). In Fig. 13.4, an extra-prostatic tumor 
is shown on gray-scale ultrasound in transverse and 
longitudinal recording, displaying a tumor with 
seminal vesicle invasion proven by staging biopsies. 
Others, however, concluded that the value of transrec- 
tal ultrasound as a pretreatment staging tool is limited, 
especially because of a low specificity in detecting 
extra-prostatic involvement Also, Hamper et al. con- 
cluded that transrectal ultrasound suffers from lack of 
sufficient spatial resolution to detect accurately inva- 
sion of the neurovascular bundle. However, ultrasound 
equipment has improved tremendously over the past 
decade leading to improvements in bandwidth and 
transducer sensitivity. Also software modifications 
resulted in improved ultrasound scanners, especially in 
filtering algorithms and beam forming. Despite these 
improvements, it is unexpected for ultrasound or any 
imaging modality to be able to detect microscopic 
extra-prostatic involvement with great accuracy. 

In summary, ultrasound has developed from a detec- 
tion technique in the 1970s to a staging technique in 
the 1980s and a biopsy guidance technique in the 
1990s. Currently, transrectal ultrasound is advocated 
for asscssment of prostate volume and to guide 
prostate sampling with biopsies (25). TRUS lacks 
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Fig. 13.4 A transverse and longitudinal image showing a 
hypoechoic lesion corresponding to a T3 malignancy in the 
prostate: invasion of the seminal vesicles, proven by staging 
biopsies. 


sufficient sensitivity and specificity to be useful in a 
screening setting, and thercfore the use of ultrasound to 
identify prostate cancer should be limited to a pre- 
screencd group based on rectal examination and PSA. 
Identification of suspicious lesions should always be 
confirmed with histopathological examination of 
harvested tissue. 


Prostate biopsies 


Biopsies not only provide the confirmation of the pres- 
ence of prostate cancer, they also provide prognostic 
information, and therefore an appropriate procedure to 
perform biopsies is essential. A first approach to stan- 
dardize the procedure was suggested by Hodge et al. 
who advocated the sextant biopsy sessions for prostate 
tissuc sampling (26). The sextant biopsy approach, 
with additional directed biopsics, provides an accurate 
method to detect prostate cancer in prostates pre- 
screened with DRE and PSA. Some reports mentioned 
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that sextant biopsy is not an optimal technique, e.g. the 
prostate volume is not taken into account. The five- 
region biopsy approach was reported to be superior to 
the sextant approach in identifying prostate cancer in 
an early but significant stage (27). By assuring that 
sufficient tissue is collected with each biopsy (a core of 
1.5 cm), valuable additional information on cancer 
volume, Gleason grade, and staging information can be 
obrained. Also, the number of positive biopsies can be 
used to predict the pathological stage of prostate 
cancer. In case of increased risk for cxtra-prostatic 
extension, staging biopsies can be performed addition- 
ally by sampling the prostate capsule or the seminal 
vesicles (28). 

The current biopsy procedure has limitations regard- 
ing the detection of all malignancies inside the prostate. 
Repeat biopsies are indicated in case of a negative first 
set of biopsies but prolonged elevation of PSA and/or 
suspicious DRE. Also, prescreening by DRE and PSA is 
not optimal and results in a large number of unneces- 
sary biopsies in patients who show no cancer in 
removed tissue. We have estimated that in only one out 
of threc patients with a clinical suspicion for malig- 
nancy, cancer is found in the removed biopsy cores (2). 
Next, in many cases the cancer that is found in the 
biopsy core represents only a limited reflection of 
the actual pathological stage of the tumor (29). 
Improvement of the indications to perform biopsies in 
combination with improved biopsy guidance is there- 
fore an important requisite to improve the clinical 
workup of prostate diseases and especially prostate 
cancer. 


Advanced transrectal ultrasound 


The detection of prostate cancer with ultrasound 
imaging is mainly based on the identification of hypo- 
echoic lesions in the prostate that might correspond to 
malignancy. These lesions might result from, for 
example, a changed metabolism; however, such 
changes might also result in a more subtle change of 
gray-tone characteristics. Realizing that the perception 
of the human cye is limited, meaning not all informa- 
tion might be received from the images, computerized 
interpretation might add information to the differentia- 
tion process. One approach to adding computer inter- 
pretation to the differential diagnosis is to quantify 
spatial characteristics in the image and correlate quan- 
titative measures co pathology. These spatial character- 
istics or texture can be described by the so-called 
co-occurrence analyses, which has been proposed for 
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evaluation of prostate images as well (30). High diag- 
nostic accuracy in the range of 80% has been reported 
in discriminating benign from malignant tissue based 
on texture descriptions of ultrasound data (30, 31). We 
performed a study to classify ultrasound data based on 
quantitative descriptions of texture obtained in biopsy 
study (32) and a radical prostatectomy study (33). 
Initial results (diagnostic accuracy of 75%) encouraged 
us to evaluate the technology in a larger group of 
radical prostatectomy patients. In a group of 62 
consecutive radical prostatectomy patients, the 
identification of prostate cancer with quantitative 
texture descriptions was disappointing, resulting a 
diagnostic accuracy of less than 60% (unpublished 
data). Although texture analyses did provide diagnostic 
information, there is room for improvement. An alter- 
native approach could be the application of artificial 
neural networks as recently reported by Loch (34). The 
network was even capable to detect iso-echoic tumors, 
which is a great improvement of conventional ultra- 
sound. Overall, a diagnostic accuracy of 85% was 
claimed. An alternative to the processing of ultrasound 
images, inherently a result of scanner-specific process- 
ing of reflected RF data, could be the analyscs of the 
reflected signals themselves. This would offer a 
scanner-independent analysis technique. Furthermore, 
due to processing of the signal prior to image display, 
some information is lost in the image. Spectral analyses 
of the unprocessed reflected signals might add impor- 
tant differential diagnosis, but this technology, by one 
author indicated as ultrasound spectroscopy (35), has a 
long way to go before it can be applied clinically. 


Doppler ultrasound 


Next to conventional gray-scale imaging, most ultra- 
sound machines arc equipped with Doppler techniques 
allowing the detection of moving reflectors in relation 
to the transducer position. The Doppler techniques 
allow the visualization of blood flow by detecting the 
shifts in frequency observed in reflected signals. In fre- 
quency Doppler imaging mode, a lower frequency is 
coded in a bluc signal, and a higher frequency is coded 
red, meaning that the coded map provides information 
on velocity and direction of flow. In power Doppler 
imaging mode, not the frequency shift itself is used for 
color coding, but the power of the signal is presented 
to visualize blood flow, thus no longer providing direc- 
tional information. 

The rationale to display prostatic blood flow is that 
a relation is assumed between the local blood flow and 
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the development of pathology. It is assumed that devel- 
opment of tumors is associated with a changed hemo- 
dynamic behavior of the tissue: to allow autonomous 
growth, the tumor develops the capability to grow new 
blood vessels, indicated as neovascularization. This 
neovascularization will result in a changed hemody- 
namic behavior in order to supply the tumor with 
nutrients and oxygen needed for proliferation. 
Accurate display of changed metabolism could there- 
fore reveal important diagnostic information for differ- 
ential diagnosis but this was only partially possible due 
to the spatial and temporal resolution of Doppler ultra- 
sound techniques. Not only the spatial resolution 
improved due to technological improvements in the 
scanner, also the availability to enhance the signal 
intensities of the blood flow with contrast enhancers 
provided new possibilitics. 

The assumption that tumor growth relies on the 
development of additional and new blood vessels has 
been the ubject of a number of papers, and Bigler et al. 
demonstrated that prostate cancer is associated with an 
increased microvessel density (MVD) compared to 
benign tissue (36). Currently, most research to obtain 
MVD information is performed in pathology laborato- 
ries by counting microvessels with immunohistochemi- 
cal assays using an antibody to human von Willebrand 
factor for assessing intra-tumor microvessel density. 
Quantification of tumor angiogenesis may allow 
stratification of patients to type of treatment and selec- 
tion of expectant management for men with low tumor 
microvessel density. MVD is considered an indepen- 
dent predictor of pathologic stage and may thus 
provide prognostic information (37, 38). Using 
microvessel density in combination with PSA and 
Gleason score, the prediction of extra-prostatic exten- 
sion significantly improved (39). Topographic analysis 
of neovascularity in human prostate cancer indicated a 
high vascularity of the cancer center, suggesting a high 
activity of angiogenic promoters in the center of the 
neoplasm (40). The orientation of microvessels was 
regular along the basement membrane in normal 
prostates, while abnormalities in shape, size, and struc- 
ture of the vessels, as well as an increased proliferation, 
were found in malignant tissue (37). Recent reports 
confirm the finding of increased microvessel density in 
tumor tissue compared to surrounding normal tissue 
and increased microvessel density in higher Gleason 
score tumors (41). Borre et al. showed that microvessel 
density was a significant predictor of disease-specific 
survival in prostate cancer patients (42). Recently, 
Gettman et al. reported that microvessel density could 
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not predict prostate cancer recurrence in patients with 
T2NOMO prostate cancer treated with radical prostate- 
ctomy (43). Rubin et al. reported that microvessel 
density is not associated with Gleason sum, tumor 
stage, surgical margin status, or seminal vesicle inva- 
sion, based on data of 87 patients who underwent 
radical prostatectomy. (44). 

From the reports presented above, it can be con- 
cluded that microvessel density does provide additional 
information, but docs not paint the entire picture. One 
of the reasons may be that the proliferation of (new) 
vessels is not a goal as such, but a way for the tumor to 
increase the supply of nutrients and oxygen and 
removal of waste in order to continue its autonomous 
growth. In other words, the microvessel density count 
does not reflect the actual hemodynamics of tissue. 
This was the subject of study presented by Louvar et al. 
who reported that no significant differences in 


and normal Doppler flow. Biopsies from regions with 
high flow had an average Gleason score of 6.7 com- 
pared with only 5.9 for biopsies from regions with 
normal Doppler flow (45). If local hemodynamics in an 
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organ can be displayed accurately, the request for 
increased blood supply by tumors might become 
visible, and may be useful to detect tumor sites. The 
possibility of Doppler ultrasound to display flow pat- 
terns to detect malignancy in the prostate has been the 
subject of a number of publications (46-49). The 
Doppler studics mentioned on prostate cancer detec- 
tion showed an improved positive predictive value 
when abnormal findings were shown in Doppler 
images. All reports, however, indicate limitations of 
Doppler velocity imaging of the prostate for cancer 
detection. 

The ultrasound equipment, however, showed 
tremendous increase in computer power and most 
machines were transformed from analog to completely 
digital machines. This has greatly affected the techno- 
logical possibilities of Doppler examination in the 
recent years. Recent studies indicated that Doppler 
imaging could be used to improve guidance to higher 
Gleason grade areas within the prostate (50, 51). Ismail 
concluded that coded-coded Doppler flow within the 
tumor and overlying capsule appeared to correlate with 
both tumor grade and stage, respectively (51). Based on 


(b) 


Fig. 13.5 (a) Transverse images from base to apex at 4-mm intersection distances with no visible lesion. (b) Enhanced Doppler 
indicated an area with increased blood flow at the right ventral side of the gland. A ventral tumor was found at radical prosta- 


tectomy on the right side. 
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Fig. 13.6 Examples of enhanced Doppler studies of the prostate in combination with 3D-ultrasound: an instruction data-set is 
presented of a proven malignancy, 3D-reconstruction of Doppler signal intensitics from dorsal to ventral view, and from base to 
apex view are presented indicating a malignancy on the right side at the base of the prostate. 


data of 250 patients, Lavoipierre et al. advocated that 
Doppler sonography should become a routine part of 
transrectal sonography of the prostate gland to 
improve detection and targeting of lesions (52). Cho et 
al. (53) studied the role of color Doppler and power 
Doppler ultrasound in the identification of diffuse pro- 
static lesions and they presented that the majority of 
detected cancer showed increased blood flow in con- 
trast to the majority of benign prostates. 

A next step in Doppler imaging was the introduc- 
tion of ultrasound contrast agent to enhance the 
Doppler signals obtained in the prostate (54). In 
theory, the addition of contrast media has the poten- 
tial to improve both anatomical and hemodynamic 
information that could provide additional information 
for differential diagnosis (55, 56). In Fig. 13.5(a), a 
serics of transverse gray-scale images is presented 
without visible lesions. Enhanced Doppler studies 
show increased blood flow activity in the right ventral 
zone (Fig. 13.5(b)), which was confirmed to be malig- 


nant by histopathology of the whole-mount sections 
after radical prostatectomy. In combination with 3D- 
reconstruction algorithms, it is possible to display 
regions with increased activity as shown in Fig. 13.6. 
3D-data is collected and presented in transverse, longi- 
tudinal, and sagittal sections and 3D-reconstruction 
can be displayed. The reconstructions shown indicate 
increased blood flow activity at the right base of the 
prostate, which was confirmed to be malignant after 
prostatectomy. Although no hard evidence is available 
at this moment, the increased Doppler signal intensity 
might be useful for additional guidance of the biopsy 
needle and for identification of malignant lesions. In 
combination with 3D-ultrasound, the vascular 
anatomy can be judged on symmetrical and focal 
changes in hemodynamics of the prostate that might 
correspond to development of tumor (55). However, 
data of a large patient population is required to define 
the exact role of enhanced Doppler imaging in identi- 
fying and judging prostate cancer. 
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Magnetic resonance 


Magnetic resonance (MR) uses magnetic fields and 
radiofrequency waves to construct a display of the 
examined medium. The technique is based on a 
quantum mechanical phenomenon that is exhibited by 
atoms having an odd number of protons or neutrons 
that result in a non-zero nuclear magnetic moment, c.g. 
1H present in water and fatty tissue. These nuclei align 
their spins parallel or antiparallel to an applicd exter- 
nal magnetic field. In equilibrium, a small population 
difference exists between the two states and this equi- 
librium can be distorted by irradiation of radiofre- 
quency waves. The return to equilibrium is detected 
and the recorded data-set can be reconstructed to 
display anatomical images either in 2D or 3D. 

Because of its ability to provide anatomical imaging 
with excellent display of details, MR has a great poten- 
tial in displaying the anatomy of the prostate as well. 
The internal structures of the prostate can be clearly 
demonstrated on T2-weighted images, showing the 
peripheral zone of the prostate as an arca with high- 
intensity signals. The presence of prostate cancer in the 
peripheral zone usually results in arcas with relatively 
low-signal intensity (Fig. 13.7). Other reasons for low- 
intensity areas include the low-intensity signals 
returned from the transition zone, the presence of pro- 
statitis, calculi, or post-biopsy hemorrhage. Detection 
of tumors in the central and transition zone based on 
low-intensity signal is thus not possible, whereas pro- 
statitis and calcified tissue might result in false- 
negatives. 

Due to the detailed anatomical display, MR could 
play an important role in detecting extra-prostatic 
involvement of proven prostate cancer. Capsular 
perforation is most often visible as a disruption of the 
prostate capsule and infiltration of the periprostatic fat. 
Involvement of the seminal vesicles is usually visible as 
abnormally low signal intensity within the lumen. 
Disappointingly, MRI has not proven to be superior to 
TRUS in staging of prostate cancer with the body coil 
technique (57). Initially, it was reported that endorcctal 
coils resulted in more accurate staging (58), but more 
recent data showed similar results as for the body coil 
technique (59). Jager et al. demonstrated the ability to 
discriminate pT2 tumor from pT3 tumors with 68% 
accuracy (60). The criteria for detecting extra-prostatic 
extension included asymmetry of the ncurovascular 
bundle, obliteration of the rectoprostatic angle, and 
bulging (61). Recently, it was reported that endorcctal 
MR imaging can be used to improve the identification 
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Fig. 13.7 T2-weighted MR image and dynamic MR findings 
of the prostate indicating a malignant tumor on the left side of 
the prostate. Whole-mount specimen were used a reference 
standard. 


of established EPE and SVI in selected patients with 
prostate cancer (62). Further studies to identify the 
value in an unselected group of patients are needed to 
reveal the real clinical value of MR in detecting those 
patients with local extension of the disease. 


Enhanced MR imaging 


The assumed relation between local blood supply and 
development of malignant tumors has also found inter- 
est in MR imaging. As described for Doppler ultra- 
sound studies, the local blood supply can be studied 
with a specific MR contrast agent as well. 
Gadopentetate dimeglumine (gadolinium-DTPA) has 
been introduced as a contrast medium to increase the 
diagnostic accuracy of MR imaging. MR contrast 
agents differ from ultrasound contrast agent in the fact 
that MR agents mainly display the blood perfusion/dif- 
fusion, while Doppler ultrasound revcals blood-flow 
velocities. While ultrasound contrast agents limited 
themselves to the circulation (blood-pool enhancer), 
MR contrast media have the possibility to highlight the 
permeability and diffusion behavior of the vessel wall 
and the interstitial space (56). Indeed, for bladder and 
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breast cancer imaging, it was shown that malignant 
lesions demonstrate an carlter and faster enhancement 
compared to benign lesions, offering an additional 
possibility for differential diagnosis (63, 64}. Time- 
enhancement features arc related to the specific tran- 
sient accumulation of contrast media in tumor tissue 
related to neovascular characteristics. Early data 
demonstrate the applicability of time-enhancement 
profiles to improve prostate cancer detection, as illus- 
trated in Fig. 13.7 (65, 66). Furthermore, it is stated 
that fast dynamic MR imaging is useful in detecting 
extra-prostatic extension and seminal vesicle involve- 
ment (Fig. 13.8). Due to fast developments in the MR 
field, the application of Gd-cnhanced MR imaging is 
far from established, and future research is needed to 
define its exact role in prostate cancer detection and 
staging, the optimal clinical setting and the appropriate 
patient group for additional imaging. 


MR imaging of lymph nodes 


Next to local staging of prostate cancer, MR imaging 
has also been proposed as a technique to evaluate the 
presence of lymph node involvement prior to treatment 
selection. By measuring the diameter of the lymph 
nodes, nodal metastasis can be detected (56). An 
example of lymph node evaluation by MR imaging is 
presented in Fig. 13.9, showing an enlarged lymph 
node. Detection of enlarged nodes should be followed 
by histological examination of the suspected nodes and 
a positive result is a contra-indication to perform cura- 
tive radical prostatectomy. 

An important limitation of imaging modalities in the 
evaluation of nodal metastasis is that outcome mainly 
relies on the enlargement of lymph nodes as a criterion 
for metastasis (see CT paragraph). However, most 
nodal metastases are microscopic and do not enlarge or 
distort the shape of the lymph node, meaning that 
metastasis might be present in normal-sized nodes 
reducing the sensitivity of shape-based imaging modal- 
ities. Currently, lymph node-specific MR contrast 
agents are under development, based on ultra-small 
superparamagnetic iron oxide particles. Whereas in 
normal lymph nodes, with functioning macrophages, 
the iron oxide particles are phagocytosed resulting in a 
decreased MRI signal intensity, in metastatic nodes 
lacking macrophages, the signal intensity remains 
unchanged (67). 
specific contrast agents might improve the accuracy of 
MR imaging to detect lymph node involvement (68). 


Application of such lymph node- 
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Fig. 13.8 (a) MR imaging of the seminal vesicle showing a 
normal image. Also the dynamic MR imaging did not show 
areas with carly enhancement. (bh) A second example of MR 
imaging of the seminal vesicles showing an enhancement of the 
seminal vesicle that corresponded to seminal vesicle invasion 
(SVE. fe) The 3D-ultrasound findings also indicated a suspi- 
cion for SVE which was confirmed by the pathology. 


MR spectroscopy 


Next co visualization of dynamic behavior of local 
blood supply by enhanced MR, MR can be used to 
obtain metabolic information of the examined tissue. 
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Fig. 13.9 Lymph node examination using MR imaging, 
showing an enlarged lymph node as indicated by the arrow. 


Such information related to metabolites can be an 
important addition to the anatomical display by stan- 
dard MR techniques (69). Citrate is the most promi- 
nent metabolite signal in spectra obtained from human 
prostates with proton magnetic resonance spectroscopy 
CH MRS). Using localized 'H MRS, local spectral 
content revealing metabolite levels can be used for 
quantitative examination of the tissue composition. It 
has been shown that prostate cancer can be made 
visible by displaying the ratio of choline and citrate 
signal as prostate cancer is characterized by a decreased 
level of citrate and an increased level of choline (69, 
70). In the peripheral zone, tumor tissue can be distin- 
guished from healthy tissue based on the choline/citrate 
ratio, also in the post-treatment evaluation (71, 72). 
The addition of MR spectroscopic imaging to MR 
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imaging also improved the ability to determine the 
presence of prostate cancer and spatial extent when 
post-biopsy changes hinder interpretation with MR 
imaging alone (73). In a later study, it was concluded 
that metabolite spectra detected by MR could be used 
as in vivo markers for discriminating, prostate cancer 
from BPH and healthy tissue in the central gland (74). 
An example of 2D-MR spectroscopic imaging of the 
human prostate is presented in Fig. 13.10, showing the 
difference in choline/citrate ratio between healthy and 
tumor tissue. Using these parametric images in a 3D- 
setting, the spatial extent of prostate tumor can be 
assessed, and the volume estimate of tumor with MR 
imaging might improve (72). With improvements in the 
robustness of the method, and somewhat better spatial 
and temporal resolution, MR spectroscopy might find 
its way to improve tumor visualization and cancer 
characterization. Recent developments have been 
reported including the combination of dynamic con- 
trast-enhanced MR imaging and the MR spectroscopy 
imaging (75). It has been shown that T2-weighted 
MRI, 'H MRS, and dynamic-enhanced MRI can be 
combined in a single patient examination, and by 
pooling the information of all examinations, the char- 
acterization of prostate cancer with MR techniques 
might be improved. 


Fig. 13.10 An example of MR spectroscopy to visualize 
prostate cancer using a colored overlay of a choline/citrate 
ratio map on top of a T2-weighted MR image showing an 
increased choline/citrate ratio at the tumor region. The proton 
spectra displayed were selected from a 16 x 16 spectroscopic 
imaging plane (spatial resolution 0.8 cm?) and show patterns 
typical for healthy and tumor tissue. 
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Computerized tomography 
imaging 


Computer tomography uses conventional X-ray tech- 
nology and computer technology to create cross- 
sectional images of objects. Usually, the X-ray tube and 
the detectors rotate around the object of interest, and 
X-rays passing through a specific plane of the object 
can be recorded. By recording this illumination for 
various angles at various timing during rotation, a 2D- 
illumination map of the object can be reconstructed 
using the image reconstruction theorem stating that a 
21D-distribution may be constructed from the projec- 
tion data if one measures a sufficient number of projec- 
tions of the object. This 2D-scanning can be extended 
to 3D by sequentially scanning many 2D-images. The 
3D data-set can be reconstructed and slices of any par- 
ticular plane can be constructed. Currently CT scan- 
ning is fast enough to even record different phases of 
the cardiac motion, providing at least 15 scans per 
second. 

The value of CT in detecting and local staging 
prostate cancer has been limited: it is in general not 
possible to distinguish prostate cancer from benign 
tissue in the prostate. It was concluded that CT scan- 
ning fails to demonstrate the required precision nceded 
to evaluate local tumor spread (76). Its ability to detect 
extra-prostatic extension or seminal vesicle involve- 
ment in a reliable manner has been considered limited 
(77). 

The ability of CT to detect pelvic lymph node 
involvement, an exclusion criterion of curative radical 
prostatectomy, has been studied but results have also 
been disappointing. The detection of lymph node 
metastasis with CT was reported to be of limited value 
(78), although van Poppel et al. reported a very high 
diagnostic accuracy and optimal specificity of CT scan- 
ning in combination with fine-needle aspiration 
biopsies (79). The mean reported sensitivity is approxi- 
mately 35% (80). Reasons for poor performance might 
be that the detection of positive lymph nodes with CT 
is based on distorted shape or enlarged size, and micro- 
scopic nodal metastases might not influence the actual 
size and shape. The most appropriate threshold in 
nodal size to identify nodal metastasis is still a point of 
discussion, and reported upper limits vary between 1.6 
and 0.6 cm, but the clinical threshold should be below 
1.0 cm (81). 

In general, it was concluded that the use of routine 
imaging of lymph nodcs, including CT, in all patients 
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with proven malignancy should not be recommended 
(82), and that imaging of lymph nodes is of value in a 
selected group of patients at high risk for nodal metas- 
tases to prevent them from an unnecessary surgery. 
High-risk patients are those patients with a Gleason 
score greater than 6, and/or a PSA exceeding 10 ng/ml, 
who are candidates for curative therapy. If suspicion of 
lymph node involvement is indicated by imaging, ade- 
quate action should be performed cither by taking 
image-guided biopsy (fine-needle aspiration biopsy 
FNAB) (80) or image-guided laparoscopic pelvic lymph 
node dissection (83). FNAB can be performed with CT 
or MR imaging, both having their specific advantages 
and disadvantages. 

In addition to lymph node imaging, CT scanning is 
currently applied in the planning of radiation therapies, 
such as conformal radiation and brachytherapy. CT is 
used to detect sceds post-implantation and to calculate 
the dosimetry based on the seed distribution (84). 
Furthermore, accurate determination of the planning 
target volume, prior to conformal radiotherapy of 
prostate cancer, is a prerequisite for successful therapy, 
and CT is often used to determine the target volume 
assuming certain margins to encompass prostate move- 
ment and position variation (85). 


Nuclear imaging 


Nuclear imaging techniques use radiopharmaccuticals 
administered to the object of interest, c.g. the blood cir- 
culation, to obtain knowledge of physiological func- 
tion, Once administered, an external detector is used to 
obtain the spatial distribution of the tracer or to record 
the temporal changes in concentration in the organ or 
tissuc of interest. For accurate representation of the 
actual situation, the tracer should not perturb the func- 
tion of the organ. Usually, a scintillation camera is used 
to obtain radionuclide images, reflecting the distribu- 
tion of the radiopharmaceuticals. By comparing the 
actual behavior to the predicted behavior of the 
radionuclides, one can make a diagnosis based on local 
distribution. 

Since hematogeneous metastases of prostate cancer 
are most common in the axial skeleton, identification 
of bone metastases is recommended using radionuclide 
imaging. Technetium is often used as a tracer to mark 
osteoblastic activity in areas of cortical bone with 
increased bonc turnover. Radionuclide imaging has 
proven to be a sensitive technique for detection of bone 
metastasis (86) but it might result in a false-positive 
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outcome due to previous trauma, degencrative disease, 
or metabolic abnormalities. In low PSA ranges, the 
number of patients with positive bone scans was very 
low, with metastases discovered in less than 1% of 
patients with a PSA below 20 ng/ml (87). It was there- 
fore recommended that PSA should dictate whether a 
bone scan should be performed. 

Next to the tracer Technetium to detect bone metas- 
tasis, alternative tracers have been reported to be useful 
in imaging of prostate cancer. For instance, arcas with 
increased indium concentration in the prostate have 
been reported to correlate with the presence of prostate 
cancer (88). Using single-photon emission tomography 
(SPECT) and a murine monoclonal antibody targeting 
prostate-specific membrane antigen, increased photon 
emission correlated to the presence of prostate cancer 
(89). Such an increased activity at cancer sites can be 
used to evaluate whether the cancer shows local exten- 
sion and whether lymph nodes are involved, both 
findings having impact on therapeutic approach. 

Positron emission tomography also uses tracers but 
these tracers arc labeled with positron emitting isotopes 
(90). In PET scanning, the disintegration of the labeled 
atom is associated with the release of two photons. As 
these photons take off ac an angle of 180 degrees, no 
collimators are needed, but the timing between the 
detection of the photons can be used to estimate 
whether the photons originate from a single event. 
fluorine (!8F)-labeled deoxyglucose has been pro- 
posed as a helpful tracer to identify prostate cancer 
(91). First results indicated that current settings are 
insufficient for accurate identification of the presence of 
prostate cancers, but variations in tracer might provide 
new insights in the application of PET scanning in the 
evaluation of prostatic diseases (92). 


Conclusions and recommendations 


Conventional techniques such as gray-scale ultrasound, 
CT scanning, and MR scanning all showed limited 
value in screening for prostate cancer. As a result, 
screening with imaging modalities is currently not 
advocated, but the application of imaging should be 
restricted to specific areas. In general, imaging modal- 
ities should only be applied when the outcome of the 
imaging studies can actually change the path of 
prostate cancer therapy and follow up. 

The recommendations for the use of imaging modal- 
ities in the identification and evaluation of prostate 
cancer include: 
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@ Ultrasound should be used for a first evaluation in 
a patient population with a suspicion of prostate 
cancer identified by a positive DRE and/or an ele- 
vated PSA. To exclude or confirm prostate cancer, 
ultrasound-guided biopsies should be taken, using 
a systematic sextant biopsy procedure and if applic- 
able additional targeted biopsies of hypoechoic 
lesions. 

@ Once the presence of prostate cancer has been 
confirmed by histopathology, staging biopsies of 
the seminal vesicles or the prostatic capsule can be 
performed under ultrasound guidance. In addition, 
MR scans can be performed in patients with 
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Fig. 13.11 A nomogram representing different steps in the 
evaluation of the presence of prostate cancer and the sclection 
of appropriate therapy. Applications of imaging modalities 
are shaded. 
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increased risk for extra-prostatic involvement to 
display a detailed view of the prostate anatomy and 
lymph nodes. It should be borne in mind that MR, 
and probably all imaging modalitics, are not 
capable of revealing microscopic extra-prostatic 
extension. The selection of increased-risk patients 
should be based on a PSA > 10 ng/ml, and/or or a 
biopsy Gleason score greater than 6 (meaning that 
a Gleason component of 4 or 5 is present in the 
biopsy core). 

@ Bonc metastasis should be evaluated only in newly 
diagnosed patients with a PSA value greater than 
10 ng/ml, as the probability of a positive bone scan 
is extremely low in the low PSA range. In the 
nomogram presented in Fig. 13.11, the recommen- 
dations of the WHO committee on Detection and 
Staging of Prostate Cancer are presented with the 
imaging aspects presented as highlighted boxes. 


Despite great developments and promising early 
results, no image modality has been identified that 
offered the diagnostic accuracy needed for screening of 
prostate cancer. Alterations in techniques and addition 
of dynamic studies hold great promises, but these tech- 
niques are currently only available in a research setting. 
Prove of diagnostic power and cost effectiveness is 
needed before such modified techniques can be advo- 
cated for routine use. It is therefore the task of 
researchers to provide the data needed to establish the 
future role of these techniques, and just as important to 
advocate the current setting of diagnostic work up as it 
should be applied routinely for prostate cancer 
detection. 
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Introduction 


Prostate cancer has surpassed lung cancer in becoming 
the most commonly diagnosed cancer in American 
men. It is second to lung cancer in causing cancer 
deaths in this group (1) and is responsible for 3% of all 
deaths in men over the age of 55 years (2). The inci- 
dence of prostate cancer increases more rapidly with 
age than any other cancer. The clinical patterns of 
prostate cancer development and progression have 
changed markedly in recent years (3-4) and it is csti- 
mated that during the ycars 1985-2000 there will have 
been a 37% increase in prostate cancer deaths per year 
and a 90% increase in prostate cancer cases diagnosed 
(5). Prostate cancer is rare in men under 30 years of 
age and rarely occurs in men less than 50 years old 
(6-7). The peak incidence of the disease is between 
ages 65 and 75 years, and 75% of newly diagnosed 
patients are 65-80 years of age (6). The frequency of 
the disease increases steadily with age and although 
rates of 100% after 80 years of age have been reported, 
the overall frequency of prostate canccr in elderly 
males is closer to 50% (6-7). Prostate cancer is more 
common in African-Americans and much less common 
among Asians than among whites (8). The highest mor- 
tality rate for prostate cancer in the world is found in 
African-American men in the US; the rate being 2- to 3- 
fold higher in this group than among whites, even after 
adjusting for socioeconomic factors (8). Currently, the 
search for epidemiologic factors has produced no com- 
pelling evidence to implicate any particular agent as a 
cause of prostate cancer (9). However, although loosely 
related, the documented observations can be grouped 
into four categorics: genetic influences; endogenous 
hormonal changes; exposure to environmental agents; 
and exposure to infectious organisms (10). The poten- 


tial role of genctic factors is based on the observation 
of an increased frequency of the disease among rela- 
tives of prostate cancer patients. It has been reported 
that human prostate cancer can be inherited in a 
Mendelian fashion, best fitting an autosomal dominant 
model (11). Much effort is underway to identify the 
specific genetic markers of predisposition for prostate 
cancer (12). Although cytogenctic analyses of prostate 
cancer have not indicated any consistent chromosomal 
deletions, limited studics indicate that some late stage 
prostatic carcinomas have a high incidence of a delc- 
tion in chromosome 10q or 7q (13). 

Androgens appear to function as permissive factors 
required for the development of both prostate cancer 
and benign glandular hyperplasia (BPH). Cancers of 
the prostate typically regress after androgen stimula- 
tion is ablated. Males castrated prior to puberty never 
develop prostrate cancer, and prostate cancer can be 
induced in certain breeds of rats by exogenous estro- 
gens and androgens. In addition, prostatic carcinomas 
are often encountered immediately adjacent to histo- 
logic foci of glandular atrophy (10). However, the 
exact mechanisms by which sex hormone levels 
influence the development of prostate cancer remain to 
be determined. Environmental factors have been impli- 
cated, not only by differences in the geographic inci- 
dence but by an increased frequency of prostate cancer 
among those exposed to cadmium oxide dust, sub- 
stances in exhaust fumes, fertilizers, and certain indus- 
trial settings (14). It has also been observed that the 
first generation to emigrate from low-incidence to high- 
incidence areas retain their low incidence of prostate 
cancer but their children, born and raised in the high- 
incidence environment, develop an intermediate fre- 
quency of disease (10). Viral particles have been 
reported in prostate cancers but the evidence for their 
etiologic role has not been clearly established (15). 


Prognostic and predictive markers in prostate cancer 


General pathology of prostate 
cancer 


Malignant tumors of the prostate 


Of the malignant neoplasms of the prostate gland, 
96% are acinar adenocarcinomas (Table 14.1). 
Although rare, sarcomas of the prostate comprise a 
small but significant group of tumors. Prostatic carci- 
nomas can be divided into two major categories based 
on their site of origin: 


(1) carcinomas of the central or transition zone of the 
gland; 


(2) carcinomas arising in the peripheral lobes. 


Approximately 90% of prostate cancers arise from the 
peripheral lobes and these cancers are the most well- 
characterized. 


Gross features of prostatic carcinoma 


Most clinical carcinomas of the prostate arise in the 
posterior lobe but may also originate in any of the 
other lobes. Grossly, prostatic carcinoma may be 
difficult to see but may be identified as a firm gray or 
yellowish, poorly delineated area. Sometimes, multiple 
tumor foci are scen and have been documented in up to 
75-85% of radical prostatectomy specimens that were 
studied by step-wise sectioning (16). Foci of necrosis 


Table 14.1 Tumors of the prostate 


Epithelial neoplasms Non-epithelial neoplasms 


1. Adenocarcinoma 1. Mesenchymal tumors 
Pure ductal 

Mucinous 

Adenoid cystic 

Adenosquamous 

Papillary 

Signet-ring cell 

Endometrioid 


2. Small cell carcinoma 2. Leiomyosarcoma 
3. Transitional cell a 3. Embryonal 
carcinom rhabdomyosarcoma 
4. Carcinosarcoma 4. Granulocytic sarcoma 
S. Sarcomatoid carcinoma 5. Other sarcoma types 
6. Pure squamous cell 6. Lymphoma/leukemia 
carcinoma 
7. Basal cell carcinoma 7. Germ-cell tumors 
8. Carcinoid tumors 8. Metastatic neoplasms 
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are usually not apparent unless the tumor reaches large 
proportions. 


Microscopic features of prostate cancer 


Adenocarcinomas are heterogeneous tumors character- 
ized by back to back prostatic acini in which the cells 
lining the acinus form a single layer. The basal cell 
layer is usually absent. Prominent large eosinophilic 
nucleoli are commonly present in the tumor cells. 
Adenocarcinomas are infiltrating tumors growing in 
sheets, cords, or isolated compressed glands. Peri- 
neural invasion is common and may be helpful in both 
the diagnosis and prediction of outcome for well-differ- 
entiated tumors. Well-differentiated adenocarcinomas 
are often confined to a single prostate lobe and are 
usually small in volume. High-grade tumors are often 
larger, more infiltrating, multi-focal, and typically 
involve more than one prostate lobe. 


Epithelial neoplasms 


Large-duct carcinomas are characterized by the pres- 
ence of malignant cells originating from the lining of 
the large dilated central ducts of the gland. These 
tumors often display papillary foci (17-19) and occa- 
sionally by clear cell changes (20). Tumor cells typi- 
cally immunostain positively for prostate-specific 
antigen (PSA) and prostatic acid phosphatase (PAP). 
Although usually of low to intermediate aggressiveness, 
these tumors may, on occasion, spread rapidly. 

Mucinous carcinomas are tumors that produce 
prominent lakes of extracellular mucin thus resembling 
colloid carcinomas of the colon and breast. They are 
associated with a cribiform pattern in the mucinous 
areas and invariably stain for both PAP and PSA (21). 
These tumors do not respond well to hormonal therapy 
and have an aggressive biological behavior with the 
propensity to develop bone metastases. 

Adenoid cystic carcinomas are extremely uncommon 
variants of adenocarcinomas and closely resemble their 
counterpart in the salivary glands. The origin of these 
tumors is unclear but is thought to arise from peri-ure- 
theral seromucinous glands rather than the prostatic 
glandular cpithelium and are negative for both PAP 
and PSA (22). 

Adenosquamous carcinomas are another rare variant 
of prostatic adenocarcinoma. The most common situa- 
tion in which an adenosquamous carcinoma is encoun- 
tered is when an adenocarcinoma undergoes partial 
squamous metaplasia after exposure to radiation 
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therapy (23). Squamous cell carcinoma differentiation 
has also been reported in conventional adenocarcinoma 
following estrogen therapy (24). It is likely that this 
tumor arises from pleuripotent undifferentiated stem 
cells, 

Papillary adenocarcinomas arise in the large peri- 
uretheral prostatic ducts and may represent either a 
variant of prostatic adenocarcinoma or a form of non- 
prostatic carcinoma of peri-uretheral glands or meta- 
plastic urethral mucosa. These tumors are PAP-positive 
(19) and pursue a clinical course similar to that of the 
usual acinar type prostatic adenocarcinoma. 

Signet-ring carcinomas are another rare histologic 
pattern of prostatic carcinoma and are considered to be 
high-grade poorly differentiated carcinomas (25). The 
signet-ring cells are negative for neutral and acid 
mucins, but are immunoreactive for PAP and PSA (26). 

Endometrioid adenocarcinomas commonly present 
with obstructive symptoms due to their protrusion into 
the prostatic urethra and the verumontanum (27). 
These tumors probably arise from prostatic ducts and 
are not of Mullerian origin (28). Although these 
tumors closely resemble adenocarcinomas arising from 
the endometrium, they immunoreact with PSA and 
PAP, and are associated with an aggressive clinical 
behavior (28). 

Small-cell carcinomas are thought to arise from mul- 
tipotential undifferentiated prostatic epithelium and are 
associated with uniformly poor prognosis with a 
median survival of 7.7 months (29). This group 
includes both neuroendocrine carcinomas and poorly 
differentiated adenocarcinomas. Neuroendocrine dif- 
ferentiation is associated with the presence of specific 
biomarkers and is an aggressive tumor in most cases. 

Prostatic transitional cell carcinomas are thought to 
arise from the reserve cells that lic between the luminal 
epithelium and the basement membrane in the peri- 
urethral ducts of the prostatic urethral glandular epithe- 
lium (30). These lesions are PSA and PAP negative. 
Advanced cases do not respond to hormonal! therapy. 

Lymphoepithelioma-like carcinomas are extremely 
rare poorly differentiated carcinomas with a syncitial 
growth pattern and prominent lymphocytic stroma 
(17). Carcinosarcomas of the prostate are biphasic 
tumors that contain an adenocarcinoma and a recog- 
nizable sarcomatous component such as chondrosar- 
coma, osteosarcoma, liposarcoma, or angiosarcoma 
(31). Some authorities consider these tumors to be sar- 
comatoid carcinomas (32). Theories as to their histo- 
genesis include: sarcomatous transformation of an 
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existing adenocarcinoma or apparent biphasic differen- 
tiation from a single precursor stem cell. The prognosis 
is uniformly poor with a mean survival of less than two 
years. Other uncommon malignant epithelial neo- 
plasms include pure squamous cell carcinomas (33), 
basal cell carcinomas and carcinoid tumors. 


Non-epithelial neoplasms 


Mesenchymal tumors of the prostate include the 
embryonal rhabdomyosarcoma (34) and leiomyosar- 
coma (35). Both types have occurred at all ages, but 
mesenchymal tumors in the young tend to differentiate 
towards rhabdomyosarcoma, while those in the older 
patients differentiate towards leiomyosarcoma. These 
lesions are typically at an advanced stage at diagnosis 
and feature a poor survival rate. Other rarely diag- 
nosed sarcomas include granulocytic sarcoma, 
osteosarcoma, malignant fibrous histiocytoma, malig- 
nant schwannoma, myxosarcoma, fibrosarcoma, and 
angiosarcoma. 

Primary malignant lymphomas may involve the 
prostate and typically occur in elderly men (mean age 
of 60) and clinically present with prostate enlargement 
and urinary obstruction (36). All subtypes of lym- 
phoma, including Hodgkin’s disease, have been 
observed. They are associated with poor prognosis 
with mean survival of 14 months (range 2—44 months). 

Germ-cell tumors may rarely involve the prostate 
gland with reports of both endodermal sinus tumor 
(37) and malignant mixed germ-cell tumor (38) in the 
literature. These tumors are associated with a grave 
prognosis. 

The most frequent metastatic tumors involving the 
prostate are lymphomas and leukemias (36). Other 
metastatic neoplasms include adenocarcinomas from 
the gastro-intestinal tract and lung; malignant 
melanomas; seminomas; and malignant rhabdoid 
tumor. 


Prostatic intra-epithelial neoplasia 


In-situ carcinoma or prostatic intra-cpithelial neoplasia 
(PIN) is an intraluminal proliferation of the secretory 
cells of the prostatic duct-acinar system that displays a 
spectrum of dysplastic cytologic features ranging from 
minimal atypia to those that are ultimately indistin- 
guishable from adenocarcinoma (39). This intraglandu- 
iar proliferation is consistently enveloped by a basal 
cell layer that may be focally disrupted in high grade 


Prognostic and predictive markers in prostate cancer 


PIN. The classification of PIN into low-grade and high- 
grade PIN is chiefly based on the cytologic characteris- 
tics of the cclls (40-41). The presence of a basal cell 
layer enveloping the atypical acinar glandular cells is a 
Prerequisite for the diagnosis of PIN. The four 
common morphologic patterns of PIN (of no apparent 
clinico-pathologic significance) are: micropapillary, 
tufting, flat, and cribiform patterns (40). For patients 
with a similar age range, there is an increased incidence 
of PIN in the prostates with carcinoma (82%), com- 
pared to benign prostate tissue samples (43%) (42). 
Patients with PIN in biopsy specimens have been noted 
to have intermediate clevations of their serum PSA 
levels (43). High-grade PIN appears to share many 
molecular genetic features that are also identified in the 
adjacent adenocarcinomas that have developed in the 
same patients (44). The genetic, histochemical, and 
immunochemical similarities between PIN and prosta- 
tic carcinoma strongly favors that PIN is the pre- 
invasive phase of at least a subset of cases of prostate 
cancer. 


The diagnosis of prostate cancer 


The predominant method by with prostate cancer is 
diagnosed in the US today is by ultrasound-guided 
transrectal biopsy (Table 14.2) (45). The sextant 
biopsy approach remains the most popular (46). 
National screening programs using serum measure- 
ments of prostate-specific antigen (PSA) (47) yield 
approximately three negative needle biopsy sets for 
each case positive for malignancy. Various new 
approaches to serum-based screening have utilized free 
versus total PSA, prostate-specific membrane antigen, 
and molecular techniques designed to detect cancer- 
specific genetic abnormalities in circulation (48). 
Although the diagnosis of carcinoma is readily made in 
most cases, a variety of atypical, psedocarcinomatous, 
and pre-malignant lesions can be encountered in needle 
biopsies and lead to an ‘equivocal’ pathology report 
(49-51). 


Table 14.2 The diagnosis of prostate cancer 


1. Serum PSA screening 

2. Digital rectal exam 

3. Transrectal ultrasound 

4. Guided or unguided needle biopsy 

5. Transurethral resection for BPH 

6. Metastasis biopsy (lymph node, liver, bone marrow) 


195 


Spread and metastasis of prostatic 
carcinoma 


Capsular involvement is reported to be very common 
in prostatic adenocarcinoma with incidence as high as 
90% in one series (52). The existence of a distinct pro- 
static capsule has been questioned and it is now con- 
cluded that the prostate is devoid of a truc capsule but 
has an ourer fibromuscular band that is referred to as 
its capsule. Patients with focal intra-capsular penetra- 
tion by the tumor are reported to have an intermediate 
prognostic risk between those with organ-onfined 
disease and those with diffuse trans-capsular penetra- 
tion (53). Peri-neural invasion with migration of the 
tumor along the peri-neural sheath is recognized as a 
low-resistant pathway of tumor penetration across the 
prostatic capsule. The presence of peri-neural invasion 
on necdle biopsy has been reported to be a specific 
marker for capsular penetration of the tumor in a 
prostatectomy specimen (54). 

Seminal vesicle involvement by adenocarcinoma is 
associated with poorly differentiated tumors with large 
volume; a high incidence of extracapsular invasion and 
lymph node metastasis; and a poor prognosis (55). 
Three patterns of seminal vesicle involvement have 
been reported: 


(1) direct spread along the cjaculatory duct into 
scminal vesicle; 


(2) spread outside the prostatc, through the capsule 
and into the seminal vesicle; 


(3) isolated deposits of tumor in seminal vesicle with 
no contiguous primary cancer in prostate. 


Type 2 seminal vesicle involvement is associated with a 
significantly higher risk of lymph node metastasis (55). 

Regarding the capsular margins of resection, there is 
a significant difference in tumor prognosis between 
patients with negative margins and either focally posi- 
tive or extensively positive margins (53). When patients 
with positive lymph nodes and/or seminal vesicle 
involvement were included, there was a significant dif- 
ference in tumor progression between focally involved 
and extensively involved margins, although this differ- 
ence lacked significance when these patients were 
excluded from the analysis (53). Resection margin pos- 
itivity is also linked to higher levels of serum PSA at the 
time of disease diagnosis (56-57). 
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The presence of nodal metastases is almost invari- 
ably associated with significant tumor progression. The 
first station of nodal involvement is in the pelvic chains 
from which the tumor spreads to the retroperitoneal 
lymph nodes. The overall incidence of nodal metastases 
averages 40% (58). Metastases also can occur in the 
supradiaphragmatic lymph node groups. On occasion, 
involvement of the left supraclavicular or mediastinal 
nodes may be the presenting sign of the disease. Bone 
metastases are typically osteoblastic, but can also be 
entirely osteolytic or mixed. When extensive, they can 
be accompanied by hypocalcemia, hypophosphatemia, 
and elevated scrum alkaline phosphatase levels. The 
lumber spine, sacrum, and the pelvis are the most 
common locations, but any bone can be involved (59). 
Rarcly, parenchymal metastases involving visceral 
organs such as the liver can be the presenting symp- 
toms of prostatic carcinoma. 


Traditional morphologic predictors 
of prognosis 


Grading of prostate cancer 


The microscopic grade of a prostate cancer correlates 
significantly with the local extent of the disease, inci- 
dence of lymph node, and bone metastasis, and the 
response to various therapies and overall disease 
outcome. To date, 12 different methods of grading 
have been proposed, although only a sclect group of 
grading systems have achieved significant use in clinical 
practice (Table 14.3). The most commonly used 
grading system in North America today is that devel- 
oped by Gleason (60). The Gleason system uses two 
numerical scores, one for the predominant pattern and 
the second for the next most common pattern in a 
given tumor, the final grade being the summation of 
the two scores. A summary of other grading systems is 
given in Table 14.3. 


Correlation of grading with other 
parameters 


In a large series, McNeal et al. (61) reported a strong 
correlation between cancer volume, percentage of 
poorly differentiated carcinoma (Gleason pattern 4 
and/or 5), and nodal metastases. They found that when 
the tumor volume was less than 1 cm‘, the predomi- 
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nant Gleason histologic patterns were those of 1 and 2 
and the cancer was found mainly in the transition zone 
of the prostate. Tumor grade has often correlated with 
non-morphologic markers of disease aggressivencss, 
including increased cell proliferation, ancuploid DNA 
content, Oncogene activation, and tumor-suppressor 
gene mutation (see following section). Although the 
Gleason histologic grade of prostatic adenocarcinoma 
is one of the strongest predictors of biologic behavior 
and metastatic potential, it does not appear to be 
sufficiently reliable when used alone for the prediction 
of the pathological stage (62). 


Comparison of specimen source for 
diagnosis and grading 


The tumor grade of the needle core biopsy has been 
successfully correlated with the grade obtained from 
fine-needle aspiration biopsies (63-64). The correlation 
of needle biopsy grade with the final grade at radical 
prostatectomy has achieved thc best result for moder- 
ately and poorly differentiated adenocarcinomas (65). 
Discrepancies between the Gleason’s score on the biop- 
sics and the corresponding radical prostatectomy speci- 
mens are greatest when the Gleason scores were low 
and the quantity of tumor in the biopsy specimens was 
limited (66). In addition, it has been documented that 
needle biopsy accuracy may be higher when the 
grading pathologists are expericnced sub-specialists in 
urologic pathology, compared to the more frequent 
grade changes at radical prostatectomy seen when com- 
munity hospital pathologists performed the original 
biopsy grading (67). 


Tumor volume 


Tumor volume is a significant predictor of pathologic 
stage, lymph nodc, and distant metastasis and overall 
disease outcome (68-69). Accurate measurement of 
tumor volume requires careful processing of radical 
prostatectomy specimens. Pre-operative estimates of 
tumor volume have been marginally successful given 
the limited accuracy of ultrasound, computer tomogra- 
phy, and magnetic resonance imaging in measuring 
prostate cancer tumor size. The number and length of 
involvement of multiple (sextant or octant) necdle 
biopsy cores has been successful at predicting overall 
tumor volume, pathologic stage, and discase outcome. 
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Table 14.3 Comparison of grading systems for prostate cancer 


Gleason 


1. Uniform 
small glands 
in lobules. 


2. Similar to 
pattern 1 
with glands 
being 
irregular. 


3. 
Infiltrative 
irregular 
glands, 
cribiform or 
papillary 
pattern. 


4. 
Infiltrative 
markedly 
irregular 
glands, 
hyper- 
nephroma 
like large 
cells. 

5. 
Infiltrative 
anaplastic 
cells, very 
poorly 


differentiated. 


Mostofi 


1. Well 
differentiated 
glands 

with mild 
nuclear 
anaplasia. 


2. Tumor-forming 


glands 
with 
moderate 
nuclear 
anaplasia. 


3. Tumor- 
forming 


glands 
with 
marked 
nuclear 
anaplasia 
or no 
glands 

are found, 


Staging of prostatic cancer 


Recently, 


American Joint 
International Union Against Cancer published a new 
TNM system for pathologic staging (70-71). A com- 
parison of staging systems is summarized in Table 


M. D. 
Anderson 


1. 75-100% 
of tumor 
forms glands 


2. 50-75% 
of tumor 
forms glands 


3. 25-50% 
of tumor 


forms glands. 


4. 0-25% of 
tumor forms 
glands. 


Committee 


and 


Bocking 


1. Uniform 
glands with 
no nuclear 
anaplasia. 


2. Pleomorphic 
irregular 
glands with 
variable-sized 
nucleoli. 


3. No glands, 
large nucleii 
with nucleoli. 


Gaeta 


1. Well-defined 
glands with small 


nucleii and inconspicuous 


nucleoli. 


2. Glands with 
pleomorphic 
nucleii and 
prominent 
nucleoli. 


3. Infiltrative, 
cribiform or 
sebaceous pattern 
+ glands with 
pleomorphic 
nucleii and 
prominent 
nucleoli. 


4. No glands. 
Cells with 
pleomorphic 
nucleii and 
prominent 
nucleoli, 
mitosis > 3/hpf 
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Broders 


1. 75-100% of 
tumor is gland 
forming. 


2. 50-75% of 
tumor is gland 
forming. 


3. 25-50% of 
tumor is gland 
forming. 


4. 0-25% of 
tumor is gland 
forming. 


(1) early stage prostate cancer can be non-palpable; 


(2) palpable tumors can be of different sizes and of 


various histologic grades; 


(3) tumors may extend beyond the prostate without 
metastatic disease; 


14.4. Although these systems differ slightly in detail, (4) tumors with regional metastasis may be biologi- 
cally different than those with distant metastases. 


they all recognize that: 
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Table 14.4 Comparison of staging systems for prostate cancer 


Prostate cancer 


Whitmore/Jewert 


A No clinical 
neoplasm. 


Al Tumor < 3 foci. 


A2 Tumor > 3 foci. 
B Palpable neoplasm. 


B1 Focal, < 1.5 cm, 1 
lobe. 


B2 Diffuse, > 1.5 cm, 
> 1 lobe. 


C Local invasion. 


C1 Bladder, seminal 
vesicles, prostate 
capsule, not fixed. 


C2 Other sites, fixed. 


D Metastases. 


D1 Regional nodes 
involved. 


D2 Distant sites. 


AJCC (American Joint 
Cancer Committee) 


T1 No clinical 
neoplasm. 


Tla Tumor £ 3 foci. 


T1b Tumor > 3 foci. 
T2 Palpable neoplasm. 


T2a Focal, < 1.5 cm, 
1 lobe. 


T2b Diffuse, > 1.5 cm, 
> 1 lobe. 


T3 Local invasion, 
bladder, seminal 
vesicles, prostatic 
capsule, not fixed, 


T4 Other sites, fixed. 


N1-3 Regional node 
involvement. 


M1 Distant metastasis 


American Urological 
System 


A Incidental finding. 


Al Focal. 


A2 Diffuse. 


B Confined to 
prostate. 


B1 Small, discrete 
nodule. 


B2 Large, multiple 
nodules or areas. 


C Localized to 
peri prostatic area. 


C1 No involvement of 


seminal vesicles < 70 g. 


C2 Seminal vesicle 
involvement, > 70 g. 


D Metastatic disease. 


D1 Pelvic nodes 
involved. 

D2 Bone, distant 
nodes, organs, soft 
tissucs. 


Prout 


A No clinical 
neoplasm. 


Al Well- 
differentiated 
carcinoma, < 3 
microscopic foci. 

A2 Multi-focal/diffuse 
carcinoma. 


B Palpable tumor. 


B1 <2 cm, no 
capsular involvement, 
normal acid 
phosphatase. 


B2 Diffuse carcinoma 
involves > 35% of 
gland. No capsular 
penctration. Normal 
acid phosphatase. 


C Extensive local 
tumor, capsular 
penetration, Involves 
any combination of 
seminal vesicle, 
bladder neck, pelvic 
side wall 
involvement. 
Negative bone scan 
and acid phosphatase. 


D1 Metastasis to 
pelvic nodes. 


D2 Bone or nodal 
metastases above 
aortic bifurcation or 
visceral involvement. 


Low-stage cancers (stages A and B) in the young may independent clones may develop increasing the cancer 
behave no more aggressively than similar tumors in stage with time and elevating the risk of cancer related 
the clderly (72). In younger patients, when tumors death in that individual (72). 

recur after primary treatments, aggressive hormone- 
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Ancillary and molecular prognostic 
factors 


A variety of molecular-based assays of genes and pro- 
teins (Table 14.5) have been studied for their ability to 
predict outcome and target therapy in prostate cancer 
(73-74). 


Hormone receptors 


Biochemical and immunohistochemical measurements 
of estrogen and progesterone hormone receptors have 
played a significant role in the prognosis assessment 
and planning of therapy in breast carcinoma (75). 
Assays of estrogen and progesterone receptors have not 
been shown to have a statistically significant predictive 
value in prostate cancer. Androgen-receptor assays, 
however, have received significant attention as poten- 
tial markers of disease outcome (76). Although andro- 
gen receptor loss and clinical lack of anti-androgen 
therapy benefit have been associated with high-grade 
and high-stage prostate cancer, androgen-receptor 
activity has not independently predicted discase 
outcome. Androgen-receptor expression can be hetero- 
geneous in prostate cancer, which may reflect receptor- 
genetic instability and the future development of 
androgen-independent tumor growth (77). The major 
use of androgen-receptor assays in prostate cancer has 
been in the selection of therapy for patients with symp- 
tomatic metastatic disease and in older men in whom 
radical surgery is contra-indicated. Assays of androgen- 
receptor activity have not been used to select patients 
for pre-operative neo-adjuvant androgen-ablation 
therapy prior to prostatectomy. Research interest in 


Table 14.5 Ancillary factors in predicting prognosis in 
prostate cancer 


. Hormone receptors 

. Cell-proliferation markers and cell-cycle proteins 
. DNA ploidy 

. Morphometric analysis 

Tumor vascularity and micro-vessel density 
. Nuclear matrix proteins 

. Growth factors 

. Cell-adhesion molecules 

. Invasion-associated proteases 

10. Dominant oncogencs 

11. HER-2neu oncogene 

12. p53 tumor-suppressor gene 

13. Other tumor-suppressor gencs 

14. Apoptosis and Bcl-2 
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androgen-receptor activity has focused recently on the 
relationship between expression of various genes asso- 
ciated with prostate cancer progression and the andro- 
gen-receptor status (78). Further characterization of 
androgen-rcceptor activity in prostate cancer appears 
warranted both to better understand the events that 
produce the capability of androgen-indcpendent 
growth for some aggressive tumors and the interaction 
of the androgen receptor with other prognosis markers. 


Cell-proliferation markers 


A variety of techniques have been developed to measure 
the rate of cell proliferation in prostate cancer. The two 
main methods have been the direct immunohistochemi- 
cal staining using cell-proliferation markers and the cal- 
culation of the S-phase from flow cytometry or image 
analysis derived quantitative DNA histograms. Both 
proliferating cell nuclear antigen immunostaining 
(PCNA) and Ki-67 antibodics have been used to study 
prostate cancer. Both of these markers measure cells in 
the S- or synthesis-phase as well as portions of the G1 
compartment and G2 compartment. The recently devel- 
oped MIB-1 Ki-67 clone is effective in fixed-processed 
tissues and has become the technique of choice (79-80), 
Although clinically defined proliferation ranges remain 
under study for prostate cancer, it is generally accepted 
that greater than 16-20% MIB-1 staining is associated 
with a high proliferation rate and an adverse prognosis. 


TS 
. € m. 
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Fig. 14.1 Prostate cancer cell proliferation index determined 
by immunostaining for the MIB 1 clone of the Ki-67 prolifera- 
tion marker. The labeling index for this case was 23%. This is 
a high rate of proliferation for prostate cancer and is associ- 
ated with high-grade, high-stage disease with a propensity for 
recurrence after surgical or radiation therapy. 


Ed 


Fig. 14.2 Immunostaining for the p34‘ cyclin-dependent 
kinase. This protein has been associated with the transition of 
cells from the S- into the G,-phase of the cell cycle. Over- 
expression of p34**? has been linked to high-grade aggressive 
prostate cancer with high recurrence rates. 


MIB-1 over-expression (Fig.14.1) has also been associ- 
ated with primary therapy failure (80). S-phase calcula- 
tions by flow cytometry or image analysis have been less 
clinically useful in prostate cancer. Cell-cycle regulatory 
proteins have also been linked to adverse outcome in 
prostate cancer including over-expression of p34‘ 
cyclin dependent kinase (81) (Fig. 14.2) and loss of 
expression of p27*?! cyclin-dependent kinase inhibitor 
(82). 


DNA ploidy determination 


The majority of retrospective studies have shown that 
aneuploid DNA content in prostate cancer indepen- 
dently predicts poor prognosis for the discase (83-88). 
Recently, DNA ploidy measurements have been success- 
fully performed on needle biopsy specimens using the 
tissue section image analysis technique (Fig. 14.3) (89). 
An aneuploid DNA ploidy status determined on needle 
biopsies has successfully correlated with the ploidy 
status of corresponding radical prostatectomy speci- 
mens and independently predicted disease outcome with 
a 3-fold increase in post-surgical disease recurrence 
rates and a 20-fold increase in metastatic disease (89). 


Morphometrics 


A variety of morphometric techniques have been 
applied on prostate cancer specimens with the nuclear- 
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org X 
Via 

Fig. 14.3 DNA ploidy in prostate cancer. In this prostate 
cancer needle-biopsy specimen, the DNA ploidy histogram 
determined by the tissue section image analysis technique 
revealed a hypertctraploid aneuploid pattern. Ploidy patterns 
of needle-biopsy specimens have been correlated with post- 
prostatectomy disease relapse and can also be used to confirm 
the accuracy of tumor grading. Needle-biopsy specimens fea- 
turing a low histologic grade and an aneuploid histogram are 
significantly morc likely to be upgraded on the radical prosta- 
tectomy specimen. 


roundness factor measurement achieving the most 
significant potential clinical utility. Prostate cancers 
featuring near-perfect round nuclei are typically well- 
differentiated and slow growing. Tumors with irregular 
nuclear contours and correspondingly low nuclear 
roundness have been associated with high tumor-grade 
and a propensity for the development of distant meta- 
stasis and shortened survival (90). 


Tumor vascularity and microvessel density 


Tumor angiogencsis has also correlated with metastasis 
in prostate cancer as measured by microvessel-counting 
studies (91). Angiogenesis is an cssential component of 
solid tumor growth and disease progression. 
Accordingly, neovascularity has been found to be an 
important feature of prostate cancer, as measured by 
microvessel density. Significantly higher microvessel 
counts have been obtained in areas of adenocarcinoma 
than in the benign tissues of radical prostatectomy 
specimens (92). Interestingly, prostate cancers appear 
to have the greatest concentration of microvessels in 
the centers of the tumoral areas, which may account 
for the infrequency of necrosis in prostate cancer (93). 
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In addition to its biologic importance, neovascularity 
has been found in several studies to be a powerful pre- 
dictor of prognosis in prostate cancer. Increased 
microvascularity has been found to correlate with the 
pathologic stage of the disease (94-95). Microvessel 
density has been associated with the presence of meta- 
stasts (91) and with a significant risk for disease pro- 
after radical prostatectomy (94). The 
application of microvessel counts to needle biopsies of 
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prostate cancer, where it could be used prospectively to 
plan therapy, has noc received significant study. 

Color Doppler flow has been shown to be an impor- 
tant aid to gray-scale sonography in the detection of 
prostatic carcinoma, and has recently been correlated 
with tumor grade and stage (96-99). However, little 
evidence has heen presented ro date linking the sono- 
graphic findings to microvessel counts in the respective 
tissue samples. In fact, in one study, microvessel 
density and tumor size was no different in specimens 
with normal or increased color Doppler flow (99). 


Nuclear matrix proteins 


Nuclear matrix proteins function to maintain the struc- 
turc, shape, and higher order of DNA organization 
within a cell (100). Nuclear matrix proteins have been 
characterized in prostate cancer and may define subsets 
of the disease with differing biology and clinical 
behavior (100). 


Growth factors 


A varicty of growth factors have been studied in 
prostate cancer including the epidermal growth factor 
(EGF) and its receptor. The results have been 
conflicting, i.e. although cpidermal growth factor 
assays of prostate cancer specimens show higher levels 
than seen in the normal prostate, high-grade tumors 
appear to have lower EGF content than do well-differ- 
entiated lesions (101). Increased expression of basic 
fibroblast growth factor (bFGF) has been linked to 
adverse outcome (74). Growth factors appear to 
operate in networks in the prostate and further studics 
are necessary to elucidate the various intcractions of 
these trophic proteins on discase outcome. 


Cell-adhesion molecules 


F-cadherin, a cell-adhesion molecule associated with 
cell-cell and cell-matrix interaction, leukocyte func- 
tion, and tumor invasion, and metastasis in a variety of 


201 


neoplasms, has been associated with disease outcome 
in prostate cancer (102-104). Decreased expression of 
E-cadherin has been shown to associate with high 
tumor-grade and aneuploidy (105). Recent evidence 
suggests that a major chromosomal deletion on chro- 


mosome 16 may be a major event in the development 


of prostate cancer (106). It has been further suggested 
thar this deletion may involve the E-cadherin gene and 
thar E-cadherin protein, in addition to its cell-adhesion 
role, may be functioning as a tumor-suppressor 
protein. Alternatively, the loss of E-cadherin expression 
in prostate cancer may be related to gene methylation 
(Fig. 14.4). Further immunohistochemical and molecu- 
lar genetic studics appear warranted to pursue this 
potential important association. 

The CD44 cell-adhesion molecule has also been 
linked to outcome in prostate cancer. Loss of expres- 
sion of the CD44 protein standard form has also been 
associated with other adverse prognostic factors such 
as high tumor-grade and ancuploid DNA content 
(107-108) \ Fig. 14.5). Integrins have also been widely 
studied in prostate cancer and implicated as potential 
indicators of aggressive disease (98). Decreased expres- 


1 100 bp ladder 
2 case 1 unmeth 
3 case 1 meth 

4 case 2 unmeth 
5 case 2 meth 

6 case 3 unmeth 
7 case 3 meth 

8 case 4 unmeth 
9 case 4 meth 

10 case 5 unmeth 


11 case 5 meth 


Fig. 14.4 Hepermethylation of the E-cadherin promoter gene 
in prostate cancer. E-cadherin promoter genc hypermerhyvla- 
tion is detected by sodium bisulhte treatment and PCR with 
methylation specific primers. In lanes 3, 7, and 11, the posi- 
tive bands at the bottom of the lanes indicate the presence of 
bisulfte-reststant DNA characteristic of gene methylation. 


cancer. 


Fig. 14.5 CD44s 
(a) Continuous membranous staining for CID44s is scen in a 
low-grade tumor. (b) There is complete loss of the cytoplasmic 
membraneous CD44s immunorcactivity. CD44s expression 
loss has been associated with high-gradc, aneuploid prostate 
cancer with high recurrence rates. 


immunostaining in prostate 


sion of 8, integrin subunit and y-2 laminin 5 subunit 
have linked to adverse disease outcome (74). 


Tumor proteases 


Cathepsin D, a lysosomal protease and autocrine 
mitogen, has been associated with prognosis in breast 
cancer (109). In prostate cancer, increased tumor 
cathepsin D immunoreactivity has been correlated with 
pathologic stage (110), as well as with tumor grade and 
DNA content (111). Increased expression of tumor 
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collagenases has also been linked to adverse disease 
outcome (74). 


Dominant oncogenes 


In comparison with their significance in adenocarcino- 
mas of the respiratory and gastro-intestinal tract, the 
roles of dominant oncogenes in the development and 
progression of prostate cancer appear to be limited (74, 
112-113). The ras gene, commonly mutated in epithe- 
lial adenocarcinomas in the gastro-intestinal, hepatobil- 
liary, and respiratory tracts, is not frequently altered in 
human prostate cancers, cell lines, or experimental 
models (114). Amplification of the myc gene has been 
studied in prostate cancer, but could not be linked to 
disease progression (114). 


The HER-2/neu gene in prostate cancer 


The HER-2/neu (c-erb-B2) gene has been associated 
with adverse outcome in breast cancer (115) and testing 
for HER-2/neu status has achieved near standard of 
practice for selecting therapy for breast cancer (115). 
For prostate cancer, immunohistochemistry based 
studies have conflicted, but tend to favor that over- 
expression of HER-2/neu protein is associated with an 
adverse outcome (114). Recently, HER-2/neu gene 


Fig. 14.6 HER-2/ncu genc amplification detected by fluores- 
cence in situ hybridization (FISH) in a high-grade invasive 
prostate cancer. Arrows indicate multiple nuclei with bright 
fluorescent signals indicating amplification of the HER-2/neu 
genc. HER-2/neu amplification in prostate cancer has been 
associated with high-grade, aneuploid disease with high rates 
of disease relapse, and a tendency to develop androgen- 
independent disease metastatic discase. 


(b) 
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Fig. 14.7 HER-2/neu genc amplification and protein over- 
expression in prostatic intra-epithelial neoplasia (PIN). (a) A 
membranous staining pattern indicating over-expression of 
the HER-2/neu protein. (b) Multiple nuclei with amplified 
copies of the HER-2/neu gene. Abnormalities of the HER- 
2/neu gence and protein have generally been similar in both 
invasive and PIN foci when measured simultaneously on the 
same prostatectomy specimen. 


amplification has been measured in prostate cancer by a 
fluorescence in situ hybridization technique (Figs 14.6 
and 14.7) and associated with other adverse prognostic 
factors (116), recurrence after surgery (117-118), and 
recurrence after radiation therapy (80). In that 
advanced breast cancer has been shown to respond to 
anti-HER-2/neu treatments (Herceptin™) (115), clinical 
trials using both vaccination and systemic humanized 
anti-HER2/neu antibodies (Herceptin™) in prostate 
cancer have now been started. 
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The p53 tumor-suppressor gene 


Tumor-suppressor genes encode protein products that 
normally suppress cell proliferation in a regulated 
fashion. The p53 gene, arguably the most frequently 
mutated gene in human cancer, appears to function as 
a ‘guardian of the genome’ protecting somatic cells 
against the accumulation of genomic mutations. p53 
Protein over-accumulation has been reported fre- 
quently in prostate cancer with immunoreactivity 
ranging from 13% to 23% on average (119). A posi- 
tive association between nuclear p53 immunoreactivity 
and aggressive biologic behavior of prostate cancer has 
been confirmed in four independent studies (120-123). 
p53 Mutations appear to be very frequent in metastatic 
prostate cancer (122). Although immunohistochemistry 
can be an inaccurate predictor of p53 gene status, 
when molecular biologic techniques are utilized, it has 
been reported that 42% of prostate cancers can harbor 
mutant p53 sequences (124) (Fig. 14.8). Mutations of 
the p53 locus in benign prostate tissue have been 
reported, suggesting that p53 mutations may occur 
early in the pathogenesis of prostate cancer (125-126). 
New studies of p53 status, including functional assays, 
must be performed on needle-biopsy specimens to 
achieve prognostic valuc for prospective treatment 
planning in prostate cancer. 


Other tumor suppressors 


The retinoblastoma gene on chromosome 13 may also 
function as a tumor suppressor in prostate cancer, but 
probably is altered in only a very small subset of cases 
(119). Other known tumor-suppressor genes that may 
play a role include the DCC gene on chromosome 18q 
and the APC gene on chromosome 5q (127). The glu- 
tathione S-transferase-m gene is (GSTP1) involved in 
the intracellular detoxification of certain carcinogens 
and is deactivated in the vast majority of prostatic car- 
cinomas, due to hypermethylation of regulatory 
sequences, resulting in loss of expression of the gene 
(128). The GSTP1 methylation status may also have 
potential for the development of a blood-based assay to 
improve on the specificity of prostate cancer screening. 
The KAI-1 gene may function as a metastasis- 
suppressor gene in prostate cancer (74). 


Apoptosis and bcl-2 


The oncoprotein encoded by the bcl-2 gene functions 
to suppress apoptosis (programmed cell death) and has 
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Fig. 14.8 p53 Status in prostate cancer. At the left and center, multiple immunoreactive nuclei are consistent with p53 protein 
over-expression generally, but not exclusively associated with p53 gene mutation. The single-strand conformation polymor- 
phism analysis shown at the right indicates the presence of p53 gene mutation. Although original reports found a relatively low 
rate of p53 gene mutations in prostate cancer, recent studies have found higher rates and have associated p53 abnormalities 


with adverse prognosis for the disease. 


been associated with human B-cell lymphoma. Bcl-2 
expression has been studied in prostate cancer, initially 
by immunohistochemical techniques, and found to 
react with primary and metastatic prostate cancer spec- 
imens obtained from patients refractory to hormonal 
therapy (73) (Fig. 14.9). Bcl-2 immunoreactivity is 
most intense in basal cells rather than secretory cells 
(129) and may be limited to normal prostatic and 
seminal vesicle epithelium, as well as rare cases of 
poorly differentiated but not well-differentiated prosta- 
tic carcinomas (130). In prostate cancer, over- 
expression of bcl-2 protein was not associated with 


Fig. 14.9 Bcl-2 staining in prostate cancer. The immunoreac- 
tivitiy for bel-2 shown in the photomicrograph has been asso- 
ciated with androgen-independent and anti-androgen resistant 
prostate cancer. 


Table 14.6 Potential molecular-based therapies for 
advanced prostate cancer 


1. Anti-HER-2/nen antibody therapy (HERCEPTIN™) 
2. Anti-HER2/nex vaccination 

3. Gene therapy to restore cell-cycle regulation 

4. Deme thylation (gene therapy) to restore adhesion 
S. Gene therapy to restore androgen dependence 


rearrangements in the 2.8 kb major breakpoint region 
or with accumulation of p53 protein (131). 


New markers and new therapies 


The development of new molecular markers of prostate 
cancer progression has led to the early stages of testing 
for novel therapics. Potential new therapies directed at 
prostate cancer are summarized in Table 14.6. 
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Introduction 


Prostate cancer is now the second-commonest male 
cancer in both the United States and the United 
Kingdom, with the second-highest death rate. Curative 
treatment is available for organ-confined prostate 
cancer, but the prognosis for metastatic prostate cancer 
remains poor. The disease is uniformly fatal once it has 
spread outside the prostate, as there is no effective 
curative systemic treatment available. In these circum- 
stances it is logical to seek to identify early prostate 
cancer, and an accurate specific test of early disease is 
needed. Prostate-specific antigen (PSA) is currently the 
best single test for prostate cancer diagnosis and moni- 
toring. The use of PSA has transformed the diagnosis 
of prostate cancer in the last 15 ycars. It is one of the 
most important tumor markers in oncology, but it 
cannot identify whether the detected cancer will be of 
clinical significance in an individual patient. PSA is an 
organ-specific and not a tumor-specific marker, and is 
produced by abnormal! and normal prostatic tissue; a 
change in its value is not specific for prostate cancer. 
Serum measurements of PSA can be used in the diagno- 
sis, staging, and prognosis of paticnts with prostate 
cancer and there is a lincar relationship between serum 
PSA levels and the extent of the primary prostate 
tumor. However, despite markedly improving the 
detection of organ-confined prostate cancer in North 
America and Furope in recent years, PSA remains an 
imperfect diagnostic marker and a variety of 
approaches are being investigated to improve its 
specificity in the diagnosis of prostate cancer. 
Unfortunately, the sensitivity and specificity of a diag- 
nostic test are inversely proportional, and mechanisms 
that increase the specificity tend to decrease the sensi- 
tivity. Even the newer PSA-based indices, such as PSA 
density and PSA velocity, remain imperfect for prostate 
cancer diagnosis. PSA measurements also have now an 


established role in the surveillance of patients with 
proven cancer for monitoring response to treatment 
and disease progression. Most recently, gene therapy 
for prostate canccr, based on a PSA promoter, may be 
possible and may offer a novel theoretical therapeutic 
approach for prostate cancer (1). 


Biological and physiological 
features of PSA 


When PSA was introduced, it was the first serum test 
that could be used in the diagnosis of organ-confined 
prostate cancer. Prostatic acid phosphatase (PAP), the 
original serum marker used for prostate cancer assess- 
ment, had been available for about 50 years. That 
marker was uscd as an indicator of metastatic prostate 
cancer but has no role in the diagnosis of organ- 
confined prostate cancer. Its clinical value was addi- 
tionally limited because an elevated PAP level was not 
always associated with metastatic prostate cancer. 

The PSA protcin is present within the prostate in 
young men with no prostatic disease, in patients with 
prostatitis, and in benign and malignant prostate tissue, 
and is present in cjaculate and serum. Despite its name, 
there is a growing body of evidence that PSA is not a 
prostate-specific protein. In males, it may be present in 
peri-anal and peri-urethral glands and in salivary 
glands. In females, it may be detected in normal and 
abnormal breast tissue and in human breast milk, 
nipple aspirate, and breast cyst fluid (2); it can also be 
present in female peri-urethral glands, ovary, 
endometrium, amniotic fluid, and salivary glands. 
However the scrum PSA level is unlikely to be affected 
by PSA produccd at any of these sites. The clinical use 
of serum PSA in females is outside the scope of this 
chapter. It should be noted however that recent studies 
suggest that women with PSA-positive breast cancer 
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have better disease-free survival and overall survival 
comparcd to those females with PSA-negative breast 
cancer and additionally PSA levels in fluid aspirated 
from the nipple may be associated with the risk of 
development of breast cancer (2). 

The PSA molecule is a single chain glyco-protein 
with a peptide length of 237 amino acids and has a 
molecular weight of about 34 kDa. It is encoded by a 
gene sequence (hK3) located on the long arm of chro- 
mosome 19, as part of the human kallikrein gene locus. 
The hK1 gene for tissue kallikrein and the hK2 gene for 
human prostate glandular kallikrein arc found at the 
same locus. PSA is a member of the kallikrein gene 
family and is a protease, with a proteolytic action that 
is similar to chymotrypsin. PSA is produced in prostatic 
epithelial cells from which it is secreted into the prosta- 
tic ducts. It then becomes concentrated in the seminal 
plasma where its level in semen is approximately a 
million times higher than in serum. PSA is believed to 
reach the serum by diffusion from the prostate epithe- 
lial cells through the basement membrane and into the 
stroma of the prostate; from there it passes into prosta- 
tic capillaries and lymphatics to reach the systemic cir- 
culation. The considerably increased concentrations of 
PSA in patients with prostate cancer are believed to be 
due to derangement of prostatic architecture caused by 
the cancer. There may be increased diffusion of PSA 
due to breakdown of the basement membrane by the 
tumor cells and loss of tissue polarization, and also 
PSA secretion directly into the extracellular fluid and 
thence in to the blood. 

The action of PSA is on the gel proteins in fresh ejac- 
ulate to liquefy the seminal coagulum, and thus 
promote the activation and release of spermatozoa 
from the ejaculate. PSA docs not exist as an enzymati- 
cally active molecule in the serum. The enzyme activity 
is regulated by being bound as stable complexes to 
serine protease inhibitors. A smal! amount of PSA in 
serum is unbound or ‘free’ PSA (molecular weight 
34kDa). PSA binds to a, antichymotrypsin (ACT) 
(molecular weight approximately 100 kDa) and 
a-2-macroglobulin (AMG) (molecular weight approxi- 
mately 800 kDa) to form inactive complexes. The pro- 
tease inhibitors ACT and AMG form covalent 
complexes with the enzymatically active PSA molecule. 
The PSA-ACT complex is the major PSA form found 
in serum. ‘Free’ non-complexed PSA accounts for 
about 15% of the measurable PSA in serum. PSA 
immunoassays only measure free PSA and the 
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PSA-ACT complex; in serum the ratio free PSA: 
PSA-ACT is approximately 1:4. Current PSA assays do 
not measure the PSA-AMG complex. 

There arc over 20 different PSA assay techniqucs in 
use. The Tandem-R PSA assay produced by Hybritech 
Laboratories is one of the most frequently used assays. 
This is a radioimmunometric assay and uses a murine 
monoclonal antibody to identify the PSA molecule. The 
radivisotope-labeled second antibody then binds to the 
complex of the PSA antigen and the murine antibody. 
The Tandem E assay (Hybritech Laboratories) works 
similarly but uses an enzyme-labelcd rather than a 
radioisotopc-labeled second antibody. The IMx assay 
(Abbott Laboratories) and the Pros-Check assay (Yang 
Laboratories) are radioimmunometric assays. The Mx 
assay also uses a murine monoclonal antibody, and a 
radioisotopc-labeled goat anti-mouse polyclonal anti- 
body to bind with the PSA antigen-antibody complex; 
the Pros-Check assay uses polyclonal rabbit anti-PSA 
antibodies. Other assay techniques are also in use. It 
can be difficult for a clinician to assess patients if unfa- 
miliar assays have been used, or if multiple assays have 
been used in the same patient on different occasions, as 
they use alternative techniques and have differing refer- 
ence ranges. A PSA reference standard was introduced 
in 1995, and this should simplify the use of different 
assays and reduce variability within and between 
assays. It has been found that if assays are calibrated 
against PSA-ACT rather than against minor forms of 
free PSA in serum, the difference between monoclonal 
and polyclonal assays virtually disappears (3), The cur- 
rently used ‘normal’ reference ranges for PSA were his- 
torically based on normal healthy men but did not take 
into account the findings of the Digital Rectal 
Examination (DRE). A threshold of 4 ng/ml has been 
usually taken as the upper limit of normal, but a level 
of 3 ng/ml may be a more appropriate threshold. There 
has been considerable recent research interest on mea- 
surements of the proportions of ‘free PSA’ and PSA 
bound to ACT. This follows the discovery that prostate 
cancer cells commonly produce ACT, and that such 
production is rare in benign prostatic hyperplasia (4). 
The role of %-free PSA measurements will be discussed 
later in this chapter. New ultrasensitive PSA assays are 
now available, which are able to measure picogram 
levels of PSA in serum. They are unlikely to be useful 
for diagnosis, but may have a future role in giving 
earlier biochemical warning of relapse after radical 
prostatectomy (5). 
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Clinical use of PSA measurements 
in diagnosis 


PSA currently plays a crucial role in the diagnosis of 
prostate cancer, but the diagnostic performance of the 
PSA test is reduced by significant false-positive test 
results. As great emphasis may be placed on individual 
PSA readings, the effect of other situations on the 
serum PSA level should be considered, and it is helpful 
to have a repeat sccond PSA reading to provide 
confirmation of any PSA clevation, and to assess the 
significance of an individual elevated level before 
making potentially important decisions about perform- 
ing a systematic sextant prostate biopsy. It is important 
to ensure that other factors, which might clevate PSA 
and thus suggest potential cancer, have been elim- 
inated. There can be marked short-term variability 
between repeat PSA measurements within men both 
with and without prostate cancer. It has been quoted 
that physiological variation combined with inter-assay 
variation could be as much as 30% for 95% of men 
and > 30% for 5% of men (6). 


Variations in serum PSA levels 


The half-life of total PSA in the serum is between two 
and three days (7), although ‘free PSA’ has a half-life of 
less than two hours. In consequence of this half-life of 
total PSA, large temporary elevations in total serum 
PSA levels may take over a week to return to bascline 
levels. 


Sample handling 


PSA is stable for 24 h at room temperature. 
Concentrations of PSA in scrum may decrease during 
storage (8). With storage at room temperature the loss 
is usually 5-10%. Both total and free PSA are lost 
during storage and this may affect the ratio of free to 
total PSA. For long-term storage, it is recommended 
that samples should be frozen, and stored at -70°C. 


Diurnal variation 


No significant diurnal variation in serum PSA levels has 
been demonstrated, and a blood sample can be drawn 
for PSA analysis at any time during the day. 
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Ejaculation 


Ejaculation appears to have a slight effect on PSA. In 
young men aged under 40, there was a slight decrease 
in serum PSA on the Ist and 7th day after ejaculation 
(9). PSA is however rarcly used in clinical practice as a 
test in young men, but in a group of older men aged 
between 40 and 79 years investigated by Tchetgen et 
al, (10), serum PSA increased after ejaculation in 87% 
of men by a mean of 0.8 ng/ml at 1 h and 0.2 ng/ml at 
24 h; this returned to the normal level in 97% of the 
men in 48 h. This study advocated that men should 
abstain from ejaculation for 48 h prior to blood 
samples being drawn for PSA measurement. 


Effect of digital rectal examination (DRE) 


Tt was initially considered that DRE might affect serum 
PSA levels, but subscquent studies have shown that any 
increasc in PSA after DRE is not clinically significant 
and docs not alter treatment decisions. The free PSA 
fraction appears to increase to a greater extent than 
total PSA after DRE, and this could lcad to an overesti- 
mation of benign prostatic hyperplasia (11). 


Effect of prostatic massage 


Stamey reported that prostatic massage may adversely 
affect PSA levels (7), and that such an increase in PSA 
may last over one week. This observation has not been 
confirmed to be clinically significant by subsequent 
studies. 


Prostatitis 


Urinary tract infection can cause serum PSA elevation. 
Acute prostatitic inflammation can lead to a consider- 
able increase in the serum PSA concentration, probably 
due to increased vascular permeability within the 
inflamed prostate causing increased leakage of PSA into 
the circulation. A normal serum PSA level is usually 
restored after treatment of prostatitis with appropriate 
antibiotics, but this may take a period of 6-8 wecks. 
Some authorities consider sub-clinical acute prostatitis 
to be the cause of PSA clevation in asymptomatic men 
with no evidence of cancer on prostatic biopsies (12). 
They believe that treatment of men with subclinical 
prostatitis with antibiotics could lead to normalization 
of the serum PSA concentration. This hypothesis was 
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investigated by Tchetgen et al. (13) in a study of 60 
men with minor elevation of the serum PSA level and 
no clinical evidence of prostatitis. Fach man received a 
3-week course of Ciprofloxacin. No significant differ- 
ence in serum PSA was noted between the control 
group and those receiving Ciprofloxacin, and in this 
study a short course of Ciprofloxacin did not lower the 
serum PSA concentration sufficiently to avoid a prosta- 
tic biopsy. 


Retention of urine 


Acute urinary retention may cause an acute rise in 
scrum PSA levels. Semjonov and colleagues (14) 
reported a group of seven patients with acute retention 
whose retention was relicved by suprapubic cys- 
tostomy. There was a 2.4-fold increase in PSA in these 
patients. Histological examination of the prostate after 
acute urinary retention may show microscopic prosta- 
tic infarcts and it may be postulated that such events 
can lead to the release of PSA from the prostate into 
the circulation. 


Urological procedures 


Cystoscopy and transrectal ultrasound (TRUS) do not 
appear to alter serum PSA levels. TRUS-guided 
prostate biopsy and transurethral prostatectomy 
(TURP) does however markedly increase scrum levels. 
All diagnostic serum PSA samples should be drawn 
before prostatic biopsy. After prostatic biopsy or 
TURP, serum PSA measurement should be deferred for 
a period of at least 6 weeks. 


Testosterone 


Androgen deprivation causes a rapid decrease in serum 
PSA levels, but exogenous testosterone does not appear 
to increase PSA levels in healthy males. Ultrasound- 
determined prostate volume, semen PSA, and serum 
PSA levels did not change significantly following the 
administration of exogenous testosterone to 31 healthy 
volunteers aged under 40 (15). 


Finasteride 


Finasteride is a type II Sa-reductase inhibitor used for 
the medical treatment of men with benign prostatic 
hyperplasia. By preventing the conversion of testos- 
terone to its tissue active form, finasteride reduces dihy- 
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drotestosterone in plasma and prostate tissuc. Its 
effects are predominantly on the prostate, and were 
reported in a large study involving 1645 men (16). A 
dose of 5 mg daily for 12 months reduced prostate size 
by about 20%, increased urine flow rate by about 
20%, and improved symptom scores by about 20%. 
Serum PSA levels decreased by 46% compared to no 
change with placebo treatment (16). Data from finas- 
teride clinical trials have shown that when PSA levels in 
finasteride-treated patients are doubled, the distribu- 
tion of PSA in such patients parallels the range of 
valucs in placebo treated patients. This has led to a rec- 
ommendation that to interpret PSA levels for prostate 
cancer diagnosis in finasteride treated men, onc should 
double the measured PSA in serum. Because BPH and 
prostate cancer may co-exist, it is important to con- 
sider the effect of finasteride on PSA levels used for 
prostate cancer diagnosis. Oesterling and colleagues 
recently (17) reported a study that provided evidence of 
the effect of finasteride on PSA levels in 72 men with 
BPH, and 77 men with both BPH and untreated 
prostate cancer. The latter group of men can serve as a 
model for latent prostate cancer. This study found a 
median decrease of PSA of approximately 50% with 
finasteride treatment, although there was a range of 
PSA suppression in individual patients. The study 
confirmed the value of doubling the PSA levels for the 
interpretation of PSA in finasteride-treated men, and 
finasteride did not mask the elevations of PSA due to 
cancer in the men in this study. This study concluded 
that PSA remains an effective screening tool for 
prostate cancer in finasteride-treated patients. Current 
attention has been focused on the proportions of PSA 
components in serum. It appears that the percentage of 
free PSA does not change significantly with finasteride 
(18). In a double-blind study of 40 men given placebo 
or 5 mg finasteride daily for 9 months, there was a 
50% decrease in total PSA with finasteride, but the 
mean %-free PSA did not change significantly with 
finasteride. 


a1-Adrenoreceptor blockers 


There is relatively little data about the effect on serum 
PSA levels of a-adrenergic antagonists used in the treat- 
ment of BPH. Terazosin does not appear to affect the 
free or total PSA levels in men with BPH and therefore 
administration of this medication will not interfere 
with PSA measurements used for prostate cancer 
diagnosis (19). 
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Cardiac catheterization 


Cardiac surgery and extra-corporeal cardio-pulmonary 
bypass can increase PSA (20). This was reported by 
Hagood and colleagues who studied 68 patients with 
acute retention after cardiac surgery and noted a PSA 
increase in 56%. The mean PSA level was 9.1 ng/ml. 
This was not duc to urethral catheterization as in a 
control group of 23 patients, the PSA only increased in 
one patient with urethral catheterization. 


Dialysis 


A prospective study of the impact of haemodialysis on 
total and free PSA levels in 149 men was reported in 
1999 (21). Free PSA molecules passed through high- 
flux membranes, but complexed PSA molecules failed 
to pass through high- or low-flux membranes. Thus 
total PSA measurements can be used for prostate 
cancer diagnosis and monitoring in patients on dialysis, 
but free PSA and free:total PSA ratios should only be 
used in patients treated by haemodialysis with low flux 
membranes. 


Exercise 


Physical exercise does not appear to raise PSA. Bicycle 
riding does not increase the serum PSA level (22), and a 
graded exercise stress test in hospitalized patients did 
not significantly increase PSA levels (23). Nonetheless, 
it has been recommended that PSA levels used for serial 
measurements should be performed in similar situ- 
ations, e.g. in ambulant patients. 


Contemporary transrectal 
ultrasound-guided prostate biopsy 


The most common indications for prostate biopsy are a 
palpable abnormality of the prostate on DRE, or an 
alteration in the serum PSA level. Scrum PSA levels are 
used in diagnosis to identify those men who need 
further investigation by a transrectal biopsy of the 
prostate under ultrasound guidance to confirm or 
exclude the presence of prostate cancer. Such a screen- 
ing investigation for an otherwise healthy patient 
should be without serious complications and it is thus 
important to ensure that an appropriate indication for 
performing a biopsy exists. PSA is the commonest 
primary test used in the detection of prostate cancer 
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but it is not foolproof, as not all prostate cancers cause 
a detectable elevation in PSA. PSA is produced by 
normal prostate cells and prostatic adenocarcinoma 
cells, and the expression of PSA determined immuno- 
histochemically decreases with increasing tumor grade 
(24). The power of PSA as a sercening test for prostate 
cancer is based on the observation that with the Yang 
polyclonal assay, normal prostate tissue contributes 
0.1 ng/ml/g tissue to the scrum PSA level. PSA is ele- 
vated by 0.3 ng/ml/g of BPH tissue, whilst the elevation 
is 3 ng/ml/g of cancer tissue (25). Using PSA as the 
primary modality for prostate cancer detection can be 
problematic. The manufacturers’ upper limit of normal 
with the monoclonal ‘Hybritech’ PSA assay is 4 ng/ml. 
This threshold level is unsatisfactory because the histo- 
logical status of the ‘normal’ prostate in early studies 
was not accuratcly confirmed and it is known that up to 
20% of patients with newly diagnosed organ-confined 
prostate cancer may have PSA levels below 4 ng/ml. The 
detection rates in recent North American PSA-based 
prostate cancer detection programs have varied from 
1.5% to 4.1% (26). Many biopsies demonstrate no 
malignancy if the PSA level has been used as the sole 
determinant of the need for prostate biopsy, and consid- 
erable effort has been spent in the last decade in trying 
to decrease the number of unnecessary biopsies. A false- 
negative rate of up to 23% may be found with an initial 
sextant biopsy of the prostate. When the PSA level 
remains elevated or increases further with time, further 
biopsy must be considered, either repeating the sextant 
biopsy or sampling other arcas of the prostate. 
Although TRUS-guided transrectal biopsy has a low 
morbidity, complications may occur, but are rarcly 
serious. Minor complications of biopsy are very 
common, the most common being persistent hema- 
turia; other minor complications are those of rectal 
blecding, and pelvic and perincal discomfort (27, 28, 
29). A cause for concern following prostate biopsy 
would be heavy and prolonged hematuria resulting in 
urinary retention requiring urethral catheterization. In 
a series of patients investigated by sextant biopsy, the 
minor bleeding complications appeared to be unrelated 
to the total number of biopsy cores, or to previous 
aspirin or non-steroid anti-inflammatory drug use (30). 
Much attention has been given to the infectious com- 
plications of prostate biopsy. When biopsy is per- 
formed under antibiotic cover, infections are rare but 
can result in fever, urinary tract infection, and rigors 
occasionally necessitating hospitalization. Death from 
anaerobic infection following prostate biopsy has been 
reported (31), further reminding us of the importance 
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of ensuring that an appropriate indication for biopsy is 
present in cach individual patient. Various prophylactic 
antibiotic regimens are used but there is currently little 
consensus on the optimum prophylactic antibiotic or 
the timing and duration of its administration. The most 
common regimen is currently to use a quinalone, e.g. 
ciprofloxacin or ofloxacin, plus metronidazole. 

Part of the problem in understanding the multitude 
of studies related to PSA is the variation in biopsy tech- 
niques used in different centers. Biopsy protocols need 
to be considered in detail as an understanding of the 
potential variation of the different biopsy approaches 
used (and thcir associated thoroughness of prostate 
sampling) is related to an understanding of the inter- 
pretation of studies on the value of PSA, PSA density, 
age-related PSA, and PSA velocity in prostate cancer 
diagnosis. 

A combination of DRE and PSA is the best technique 
for identifying patients with prostate cancer. Palpable 
abnormalities of the prostate must be biopsied irrespec- 
tive of the PSA level. If the prostate is palpably normal, 
biopsy is performed on the basis of the PSA level and a 
threshold level of 3 or 4 ng/ml is usually used. In 
cancer diagnosis, there is now little role for prostate 
ultrasound without biopsy. In a patient in whom the 
prostate is palpably benign, current diagnostic algo- 
rithms would recommend that a prostate biopsy should 
be performed if the PSA level is above 10 ng/ml. It is 
usual to avoid biopsy in the palpably normal gland if 
the PSA level is below 4 ng/ml, although about 20% of 
cancers in some studies have a PSA below 4 ng/ml. In a 
screening study in my own institution, three patients 
with cancer were detected with PSA below 1 ng/ml; the 
sole indication for biopsy was abnormality of the DRE. 
The serum PSA range between 4 and 10 ng/ml is 
difficult to assess, as 80% of such biopsies with a pal- 
pably normal prostate and this PSA range are benign. It 
is currently usual practice to perform a sextant biopsy 
if the serum PSA is in this PSA range, but it is for this 
PSA range that the refinements of PSA levels such as 
PSA density, PSA velocity, and age-specific PSA ranges 
are targeted. 

TRUS-guided biopsies may be directed at specific 
areas, e.g. either palpable abnormalities, or at focal 
sonographic abnormalities (peripheral or transition 
zone hypoechoic areas on gray-scale sonography, or 
areas of hypervascularity on power or color Doppler 
sonography). The optimum biopsy protocol is still not 
established. Previous practice in the past 15 years has 
concentrated on peripheral zone hypoechoic arcas and 
has relatively ignored alterations of echo-texture in the 
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transition zone, as most cancers occur in the peripheral 
zone (32). Recent studies have confirmed the value of 
color and power Doppler in highlighting areas for 
biopsy (33), but most urologists and many radiologists 
do not use color or power Doppler for TRUS scanning 
and biopsy. Systematic biopsies are usually taken in 
addition to focal ultrasound-guided biopsies in an 
attempt to detect isoechoic cancer, as approximately 
25% of prostate cancers are isocchoic and may be 
missed without systematic biopsy (34). Systematic 
biopsy protocols originally used four core (quadrant) 
or six core (sextant) procedures, but the sextant biopsy 
procedure is now the standard and some institutions 
biopsy additional further sites systematically, as part of 
their standard systematic biopsy procedure. The origi- 
nal sextant procedure advocated by Hodge and col- 
leagues (35) involved taking three cores from cach lobe 
in parallel lines at the base, mid-gland, and apex of 
each lobe. A recent study from Vienna (36) has sug- 
gested that there may be advantages in taking the six 
cores at mid-gland level, as a fan of six cores in the 
peripheral zone, rather than using the traditional paral- 
lel line approach. In this study comparing the conven- 
tional double-line approach with the fan approach, 
cancer was found in 20 out of 54 patients (37%) with 
the fan approach, whilst it was only found in 16 out of 
53 patients (30.1%) with the double-line approach. 
My personal unpublished experience with a fan 
approach in two similar groups of 50 patients has not 
confirmed the valuc of this approach. 

Other authors have proposed different variations to 
the sextant biopsy procedure. Some have advocated 
taking more lateral cores at mid-gland level (37). In the 
latter paper, cancer was found in 121 of 273 patients; 
routine sextant biopsies found 88% of these tumors, 
but 17 of the 22 missed cancers were detected by the 
lateral biopsy cores. Combining these lateral cores with 
mid-line cores gives the five-region (13-core) approach 
(38). Some patients with a persistent elevated PSA and 
negative previous biopsy have cancer in the anterior 
part of the transition zone and to diagnose such 
cancers, transition zone cores taken anteriorly may be 
necded (39, 40, 41). These are often taken on a subse- 
quent occasion rather than at the initial biopsy proce- 
dure, but may be taken at the original procedure in 
some institutions. Many patients with an elevated PSA 
level have negative systematic sextant biopsies at the 
original sextant biopsy, and yet are found to have 
prostate cancer at a repeat systematic biopsy (42, 43). 
It may be argucd that the cores from a repeat system- 
atic biopsy should be taken at sites away from those 
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sampled at the original biopsy procedure. It could also 
be argued that the additional areas should be sampled 
at the primary biopsy procedure, i.e. taking a more 
extensive sample of the gland, and an 18-core biopsy 
protocol was recently described (44). There is concern 
about the number of cores needed to adequately 
sample the prostate of different overall gland volumes, 
as from a mathematical model it would appear that the 
standard sextant biopsy only optimally samples a 
minority of prostate glands (45). Several papers have 
subsequently investigated this aspect, and Letran and 
colleagues demonstrated that sextant biopsy was ade- 
quate for smaller glands, but the yield of sextant biopsy 
decreased significantly when the total prostate volume 
exceeded 55 cm? (46). 

A new diagnostic tool to aid prostate biopsy is the 
use of sonographic contrast agents. Various such 
agents arc in the development stage by commercial 
pharmaceutical companies; two agents—Levovist, 
(Schering) and Sonovue, (Sonus Pharmaccuticals)—are 
now commercially available. Studies describing the use 
of these agents in the diagnosis of prostate cancer have 
been recently reported. Rickards and colleagues (47) 
reported a study of 22 men given Sonovue in whom 
132 biopsies had been undertaken. Arcas of biopsy 
before and after contrast administration were corre- 
lated with histological results; Sonovue increased the 
sensitivity to cancer detection from 46% to 64 % but 
decreased the spccificity from 75% to 56%. Another 
recently reported study from Innsbruck, Austria (48) 
using Levovist gave a sensitivity of 53%, specificity of 
72%, and a positive predictive value of 70% in a study 
of 44 patients with prostate cancer. The newest poten- 
tial sonographic technique that may be valuable in 
identifying areas for prostate biopsy is the use of 
second harmonic imaging with contrast; this technique 
is still under development and there are currently no 
reports on its use in the selection of sites for prostate 
biopsy in the literature. 

The current optimum protocol for transrectal ultra- 
sound-guided biopsy appears to be cither a combina- 
tion of targeted biopsies with color or power Doppler 
plus a sextant biopsy, or an extended systematic biopsy 
involving more than six areas. Lavoipierre and col- 
leagues (33) reported a study involving 256 patients 
scanned by both conventional gray-scale and color 
Doppler imaging. Targeted biopsies of focal abnormal- 
ities on gray-scale and color Doppler were taken, and 
in addition a sextant biopsy was performed on all 
patients. Altogether 100 cancers were detected (39% of 
patients studied); 16 of these cancers were only demon- 
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strated by color Doppler. Nine cancers were found by 
sextant biopsies, yet gray-scale and color Doppler 
failed to reveal any abnormality in these nine patients. 
Many studies evaluating the use of PSA, and PSA- 
derived indices, such as PSAD and PSAV, have used 
less thorough sampling procedures than the above, and 
this raises problems in assessing the value of these dif- 
ferent indiccs in cancer detection. 


PSA in the diagnosis of prostate 
cancer 


PSA density and PSA transition zone density 


Many patients with a palpably normal prostate have a 
PSA level above 4 ng/ml and systematic sextant biopsy 
yields benign prostate hyperplasia or prostatic 
inflammation but not prostate cancer. Frequent 
attempts have been made in the past decade to improve 
the specificity of PSA mcasurements by relating the 
serum PSA to the overall prostate gland volume. More 
recent work has attempted to correlate the PSA to the 
transition zone volume in addition, to correct more 
accuratcly for the proportion of scrum PSA due to 
benign transition zone glandular hyperplasia. The 
volume-corrected PSA approach stems from the work 
of Stamey and Kabalin (25) who found that in BPH, 
serum PSA levels were elevated by approximately 
0.3 ng/ml/g BPH tissue, whereas in prostatic cancer the 
levels were elevated 3.5 ng/ml/g of prostate. 

Once of the first methods of relating the PSA to the 
prostate volume measured sonographically or by mag- 
netic resonance was the PSA density (PSAD). This 
concept was introduced by Benson (49); the PSAD quo- 
ticnt is obtained by dividing the serum PSA by the 
overall prostate gland volume. In Benson’s study, 
20 patients with cancer had a higher mean PSAD 
(0.58 ng/ml/ml) compared to 41 patients with BPH 
who had a mean PSAD of 0.04 ng/ml/m!. Subsequently 
Seaman (50) reported the value of PSAD in a retrospec- 
tive series of 3494 men. PSAD was found useful in 
devising a biopsy protocol for men with a serum PSA 
between 4 and 10 ng/ml. In 773 men with PSA measure- 
ments in this range, the mean PSAD of men with cancer 
was higher than those with benign prostate disease. It 
was recommended that a systematic sextant biopsy 
should be performed if the PSAD was greater than 
0.15 ng/ml/ml, but might be avoided if below this level. 

The PSAD calculation assumes that one can make an 
adjustment for the proportion of PSA resulting from 
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the prostate epithelial cells in BPH, and this gives an 
indication of the excess PSA due to cancer. Some 
authors have revised the PSAD threshold of 
0.15 ng/ml/ml, and would advocate a threshold of 0.10 
or 0.12. Littrup and co-workers from the American 
Cancer Society National Prostate cancer detection 
project (51) investigated a cohort of 2999 men and 
found by decision analysis that the usc of PSAT with a 
threshold of 2 0.12 could reduce biopsies by 16-55% 
with a 4-25% loss of cancer detection. They analyzed 
various strategies for biopsy reduction and found that 
the greatest biopsy reduction relative to cancer yield 
and lowest cost per cancer detected occurred with 
PSAD-driven biopsy protocols. 

Some authors have found the PSAD concept unhelp- 
ful and claim it offers little benefit over PSA alone. This 
may be because of inaccuracy in measurement of the 
prostate volume (as this is usually measured using 
the formula for an ellipse, and the prostate shape 
does change with increasing size), or differing epithelial: 
stromal ratios in the prostate in different sample popu- 
lations. A disappointing impression of PSAD may also 
be due to the effect of overall prostate size, and the 
efficiency of prostate sampling by sextant biopsy in 
large prostates, reinforcing the points considered earlier 
about differences in sampling protocols in different 
reported serics. 

The PSAD approach has been developed further as 
the ‘PSA transition zone density’ (PSATZD) (52), 
which recognizes that the density of PSA in the two 
parts of the prostate is different. The transition zone 
expressed about 2.5 times more PSA than the periph- 
eral zone in this study giving different zonal densities of 
0.14 ng/ml/g in the transition zone, and 0.052 ng/ml/g 
in the peripheral zone. Both the total prostate volume 
and transition zone volumes can be determined sono- 
graphically, and the peripheral zone volume calculated 
by subtraction. It was hoped this newest approach 
might help to improve the PSA density concept, but 
early reports of PSA transition zone density have been 
discouraging. Lin and colleagues in Scattle (53) 
assessed 917 men with total PSA measurements prior 
to ultrasound-guided biopsy, in a protocol where the 
overall prostate volume and the transition zone volume 
was measured in each patient. Cancer was found in 
276 patients. In the overall series of patients, total PSA 
was as useful as any other PSA index for cancer detec- 
tion, but in men with a PSA between 4.0 and 10 ng/ml, 
PSAD and PSATZD were more predictive than PSA 
alone. In this series of men, PSA transition zone density 
did not give additional information to that obtained 


Prostate cancer 


from the PSA density. The disadvantage with the use of 
both the PSAD and PSATZD is the need to obtain a 
prostate volume measurement. Whilst avoiding 
prostate biopsy in some patients, the volume determi- 
nation necessitates TRUS; this is costly and causes 
patient discomfort and adds to patient anxiety. These 
considerations tend to limit the overall value of the 
PSA density approach. 


Age-specific reference ranges 


PSA levels increase with age. This has generally been 
considered to be duc to an increase in prostatic mass 
with age due to benign prostatic hyperplasia, but other 
processes, which may be age-related, such as prostatic 
infarction, inflammation, and ‘leakage’ of the prostatic 
epithclium, may be involved. These pathological 
processes can affect the PSA released into the serum. 
Age-related PSA ranges could be used as an alternative 
approach to increase the specificity of individual PSA 
levels in cancer diagnosis, as the standard serum PSA 
reference range does not account for age differences. 
Oesterling et al. (54) first proposed age-related refer- 
ence normal ranges for serum PSA measurements on 
the basis of a study of PSA, DRE, and prostate biopsy 
in men in whom no evidence of cancer had been found. 
In these men, PSA levels and prostate volume were 
determined as a function of age and it was found that 
the median serum PSA concentration increased with 
each decade of age. In the age decade between 40 and 
49 ycars, no man had a scrum PSA level above 4 ng/ml. 
In the age decade between 70 and 79 years, 19% men 
had a serum PSA of more than 4 ng/ml. Subsequent 
reports have shown that age related ranges make PSA a 
more sensitive marker for prostate cancer, with 
increased detection, in men under 60 years of age and a 
more specific marker, decreasing the number of nega- 
tive biopsics, for men over 60. The aim of these age- 
specific reference ranges is 2-fold. First they aim to 
make PSA a more discriminating marker for early stage 
prostate cancer in younger men aged below 60. Second 
they aim to decrease the number of negative biopsies in 
older men, in whom surgical treatment of early-stage 
disease may be less likcly and where it might be argued 
thar establishing a diagnosis of cancer may be consid- 
ered less important. It is impossible for any individual 
physician to quantify these aims and gauge whether the 
increased number of biopsies in younger men justify 
the costs, and similarly it is difficult to qualify the 
balance between decreased sensitivity and increased 
specificity in older men. Health economists and the 
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public must make these difficult judgments. The critical 
question perhaps is whether these undetected cancers in 
older men would have been clinically significant 
disease. 

From a large study (55), involving review of almost 
80 000 of men from the Prostate Cancer Awareness 
Week in 1993, the following age specific reference 
ranges were recommendcd: 


age 40 to 49 = 0-2.4 ng/ml 
age 50 to 59 = 0-3.8 ng/ml 
age 60 to 69 = 0-5.6 ng/ml 
age 70 to 79 = 0-6.9 ng/ml. 


Some reports have disputed the valuc of age-specific 
PSA reference ranges. Borer and colleagues (56) 
reviewed 1280 prostate biopsies in 1046 men aged 
60-80. By the use of age-specific reference ranges, 73 
of the 1280 (5.7%) biopsies in this study would have 
been avoided; 15 of those 73 biopsies had cancer, 
while 9 of those 15 cancers were considcred unfavor- 
able because of a Gleason score of 5 or more, and 2 of 
these 9 were in patients aged 63 and 65 years of age. 
The authors felt that age-specific PSA reference ranges 
could not be used to assess the need for prostate 
biopsy, as in their study 60% of the potentially missed 
cancers had unfavorable histology. Another report 
observed that the conventional PSA threshold of 
4ng/ml resulted in 1091 life-years saved compared 
with 757 life-years saved with age-specific thresholds 
(57). Catalona and colleagues (58) have criticized age- 
specific PSA reference ranges as they felt that the 
decrease in cancer detection in older men was inappro- 
priate. They concluded that a threshold of 4 ng/ml 
should be used in men of all ages. In their series, 6630 
men aged over 50 were assessed by serum PSA and 
DRE; men underwent biopsy on the basis of an abnor- 
mal DRE or serum PSA over 4 ng/ml, and 264 cancers 
were detected. They found that in men aged 50-59 
years, a decrease in the PSA cut-off from 4 to 4.5 ng/ml 
would have produced a 45% increase in the number of 
biopsies. They noted that an increase in the PSA cut-off 
point for men aged 60-69 from 4 ng/ml to 4.5 ng/ml 
would have decreased the number of biopsies in this 
age band by 15% but missed 8% of all confined 
cancers. In men aged over 70 years, an increase in the 
cut-off point to 6.5 ng/ml would have caused 44% 
fewer biopsies but would have missed 47% of all 
confined cancers. This is a very controversial subject, 
particularly with the decreascd sensitivity of cancer- 
detection in older men. There are now further studies 
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available and whilst the use of age-specific reference 
ranges in older men remains controversial, the 
approach does appear more acceptable approach for 
men under 50. 


PSA velocity 


PSA velocity (PSAV) is the rate of change in PSA levels 
with time, and the use of PSAV to identify men requir- 
ing prostate biopsy was introduced by Carter (59). 
Based on the database from the Baltimore longitudinal 
study of aging, Carter investigated PSA levels over a 
minimum 7-year period and noted a linear increase in 
PSA with time in patients with BPH, but a transition to 
an exponcntial rise in PSA in patients with cancer. An 
increase of 0.04 + 0.02 ng/ml/year was suggested as 
normal. From this it was deduced that a change of 
0.75 ng/ml/year would act as an index alerting to the 
presence of cancer. PSAV has a high specificity; less 
than 5% of men without prostate cancer have a PSAV 
suggestive of cancer (60). It has been considered that a 
percentage change of PSA may be useful, but Littrup 
and co-workers (51) found that a 20% annual change 
in PSA was less useful than the absolute change in PSA 
with time. In their study, a PSA velocity of 
0.6 ng/ml/ycar was the optimum threshold PSA change, 
but a threshold of 1.0 ng/ml/year was better for 
patients with PSA levels 2 4 ng/ml. Other groups (61) 
have not found the PSA velocity concept useful. These 
contradictory results may be related to the substantial 
individual variation in the PSA levels that may be 
observed in individual patients—a short-term variation 
in PSA of 2 0.75 ng/ml may occur, Alternatively it may 
represent the variations in biopsy protocols in different 
centers referred to earlier, when different equipment 
and different criteria for identifying areas for biopsy 
sampling have been uscd. 

PSA velocity has been incorporated into some longi- 
tudinal studies for the detection of early prostate 
cancer, as with the increasing use of routine PSA mea- 
surements many men now have a cumulative PSA 
record that spans at least 2 years. To facilitate the use 
of these PSA changes with time, it is helpful for doctors 
making clinical decisions about prostate cancer diagno- 
sis or discase progression, if biochemical laboratories 
print an individual man’s PSA results as a cumulative 
PSA record. There is sufficient individual short-term 
variability between PSA measurements that it is rarely 
practical to decide whether to biopsy or not from a 
single short-term PSA change. The optimum number of 
PSA measurements and the time interval between 
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measurements has not been fully assessed, although a 
study (62) has suggested a minimum of three consecu- 
tive PSA measurements in a 2-year period. As well as 
their use in initial diagnosis of cancer, PSAV measure- 
ments may also be used to monitor patients with 
cancer managed by ‘watchful waiting’ to identify those 
with a rapidly rising PSA. These patients may warrant 
closer surveillance, but it is not proven whether this 
subset of patients docs have a more aggressive biologi- 
cal behavior (63). 


%-Free PSA 


The percentage of free PSA has been the subject of 
much current urological research, which has been 
reviewed recently (64). The presence of multiple forms 
of PSA was first discovered in 1991 (65). a-1- 
Chymotrypsin (ACT) and a-2-macroglobulin (AMG) 
bind with PSA to form inactive complexes, whilst a 
small amount of PSA in serum is unbound or ‘frec’ 
PSA. The potential of these molecular forms of PSA to 
be used in cancer diagnosis became apparent when it 
was found that the %-free PSA is lower in men with 
prostate cancer than in men with normal prostate 
glands or benign prostatic hyperplasia. In recent years, 
many research programs have tried to increase the 
specificity of serum tests in the diagnosis of prostate 
cancer in the palpably normal iso-cchoic prostate by 
measuring the %-free PSA; these studies have again 
tried to limit the number of benign systematic sextant 
biopsies of the prostate, particularly in patients with a 
PSA level in the 4-10 ng/ml range. A low percentage of 
free PSA is an indicator suggestive of prostate cancer 
(66, 67), but the ideal threshold for clinical practice 
remains to be determined. 

A study by Oesterling and colleagues (68) investi- 
gated 422 men and attempted to establish reference 
ranges of free, complexed, and total PSA in healthy 
men aged 40-75 years. The individual reference ranges 
were established but it was found that the ratios 
between these individual ranges did not correlate well 
with patient age. It was suggested that %-free PSA 
might increase the performance of the PSA test in the 
3-10 ng/ml range by 20-25% (69). Results of trials to 
evaluate the value of this approach are currently some- 
what contradictory (70), but appear to confirm the 
value of %-free PSA in improving the specificity of 
prostate cancer detection. Vashi and colleagues (71) 
used a study of sextant biopsy in 413 men with a PSA 
berween 2-20 ng/ml to define the optimal total PSA 
range for use of %-free PSA. In this study, 225 men 


Prostate cancer 


(54%) had benign disease and 188 (46%) had prostate 
cancer. The authors found that %-free PSA was most 
advantageous in men with total PSA between 3 and 
10 ng/ml, and termed this the ‘reflex range’ when they 
recommended that %-free PSA measurements should 
be used. When the total PSA value was in the 3.0- 
4.0 ng/ml range, the threshold value for %-free PSA 
was 0.19%. This gave a biopsy rate of 73% and a 
cancer detection rate of 44%, for a sensitivity of 90%. 
The corresponding threshold for %-free PSA was 0.24% 
for total PSA levels in the 4.1-10.0 ng/ml range; this 
gave an improvement in the biopsy rate to 60% with a 
sensitivity of 95%, but failed to detect $% of cancers. 

Various studies have suggested that measurement of 
%-free PSA would increase the specificity of prostate 
cancer screening but the suggested cut-offs have ranged 
from 15% to 25%. Studies by other workers have 
confirmed the report by Luderer and co-workers (67) 
that the use of frec PSA measurements was unhelpful in 
cancer detection when the total PSA level exceeds 
10 ng/ml, duc to the higher specificity and positive pre- 
dictive value of total PSA levels above 10 ng/ml. 

It is clear that the usc of %-free PSA measurements 
can improve the specificity of cancer detection when 
the total PSA is mildly elevated. The value of %-frec 
PSA in prostate cancer diagnosis has been reported in a 
recent study (72) of 1709 men investigated in five 
North American centers, The mean %-free PSA in 229 
men with cancer was 9.1%, whercas it was 18.9% in 
men without cancer. In the 4-9.9 ng/ml total PSA 
range, use of a 15% frec PSA cut-off gave a sensitivity 
of 85%, specificity 32%, and positive predictive value 
of 39%. A 20% free PSA cut-off gave sensitivity of 
97%, 12% specificity, and positive predictive valuc 
36% in the same men. 

If 15% free PSA had been used as a criterion for 
TRUS-guided sextant prostate biopsy in those men 
with serum PSA levels in the range 4.0-9.9 ng/ml, the 
number of biopsies would have been decreased by 21% 
with a concomitant decrease in cancer detection of 
14.6%. Use of 20% free PSA would have decreased the 
biopsies by 13.7% with only a 3% decrease in cancer 
detection. Age variations of free PSA were noted. 

A recent study from Sweden (73) retrospectively 
assessed the role of free PSA as a predictor of prostate 
cancer, The %-free PSA level was measured in the 
frozen serum samples of 1748 men who had been pre- 
viously screened in 1988 and 1989. Five-year follow up 
details on new cancers in this group of men were 
obtained from the Swedish cancer registry. The com- 
bination of a total PSA below 3 ng/ml and %-free PSA 
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> 18% defined a population with a very low risk of 
prostate cancer during the screening study and subse- 
quent 5 years. The report advocated that men in this 
group could have avoided DRE as part of the screening 
study. 


Prostate-specific membrane antigen (PSMA) 


One of the newest scrum tests that might be used in 
prostate cancer management is prostate-specific mem- 
brane antigen (PSMA) (74). The PSM antigen is a 
marker for prostatic cpithclial cells, but has also been 
identified in testis, epididymis, and scminal vesicle. It is 
a 750 amino acid membrane-bound glycoprotein and it 
has been identified by immuno-cytochemistry in both 
benign and malignant prostate tissue. PSMA levels 
were greater in patients with prostate cancer than men 
with benign prostatic hyperplasia or normal prostate 
glands (75); in this series, some men with prostate 
cancer were found to have increased PSMA levels and 
low levels of PSA. The expression of PSMA does 
appear to be increased with progressive prostate cancer 
and docs not appear to be increased in patients with 
hormone refractory disease (76). Murphy and col- 
leagues (77) compared PSMA with total PSA and 
found no advantage with PSMA compared with total 
PSA in the diagnosis of cancer in 226 men in a screen- 
ing project. In this particular study, it was found that 
PSAD gave the best diagnostic information, bur PSMA 
did offer the best correlation with tumor stage. Thus 
PSMA may have prognostic significance. Theoretically 
PSMA should be better than PSA as a marker in 
patients receiving androgen-eprivation treatment 
because its expression is increased in the absence of 
hormone. Expression of the PSM antigen forms the 
basis of the recently developed immunoscintigraphic 
Prostascint scan. This technique uses a '!! In-labeled 
murine monoclonal antibody that identifies PSMA 
expression in soft tissues such as lymph nodes, and is 
being investigated as a test for identifying metastatic 
prostate cancer (78, 79). FDA protocol studies have 
revealed correlation between areas of increased isotope 
concentration and biopsy proven tumors. 


PSA and staging of prostate cancer 


Through using serum PSA measurements, urologists 
and radiologists now usually detect prostate cancer at 
an earlier stage than in previous decades, and a direct 
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correlation between scrum PSA levels and the stage of 
the primary prostate cancer has been found (7). In 
another PSA-based screening program using a thresh- 
old of 4 ng/ml, 70% of cancers are T1 or T2; if the 
PSA level is over 10 ng/ml, only 45% of patients have 
T1 or T2 cancers (80). However, by themselves PSA 
levels cannot be used to predict the stage of the 
primary tumor in an individual patient. 


Metastatic prostate cancer 


Fifteen years ago, about one-third of patients with 
prostate cancer had skeletal metastases at the time of 
diagnosis. Currently only about 5% of men with newly 
diagnosed prostate cancer have skelctal metastases 
when their cancer is detected (81). Radio-isotope skel- 
etal scintigraphy is a highly sensitive bur relatively 
expensive method for assessing potential metastases in 
the axial skeleton. The urological practice of assessing 
all patients with newly diagnosed prostate cancer by 
skeletal scintigraphy was developed before the advent 
of PSA, when isotope bone scans were more accurate 
than plain radiography or acid phosphatase in detect- 
ing metastases in bone. As bone metastases are now 
less frequent at the time of diagnosis, an appropriate 
imaging strategy for the use of scintigraphy is needed, 
as there appears to be scope to climinate the isotope 
scan in many patients with newly diagnosed prostate 
cancer. This approach was first considered by 
Chybowski and workers from the Mayo Clinic (82) 
who evaluated prostate cancer stage, serum acid phos- 
phatase, and serum PSA in 521 patients with untreated 
prostate cancer, and compared these findings with the 
bone scan appearances. Serum PSA levels had the best 
correlation with bone scan findings. It was found that 
in 306 men with a scrum PSA below 20 ng/ml, only 
one patient—a man with a PSA of 18.2 ng/ml—had a 
positive bone scan, giving a negative predictive value of 
99.7%. This study was important as it allowed health 
planners to question whether a staging bone scan was 
an essential test in newly diagnosed asymptomatic 
untreated patients with prostate cancer with a low 
serum PSA. From the Mayo Clinic series, it was recom- 
mended that men with no symptoms of bone pain and 
a PSA of 10 ng/ml or less did not require an isotope 
bone scan. A subsequent study from the same institu- 
tion (83) reported a study of 852 patients with newly 
diagnosed untreated prostate cancer and a PSA level 
below 20 ng/ml. Seven of these 852 patients had a pos- 
itive bone scan. Five of these seven had significant 
musculo-skcletal symptoms related to their metastases 
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and only one patient with a PSA below 10 ng/ml was 
asymptomatic yet had a positive bone scan. My own 
experience and that of other authors (84) has also 
confirmed that the bone scan can be eliminated in 
patients with no skeletal symptoms and a PSA below 
10 ng/ml, and urological practice has now changed in 
many centers to reflect this approach. 

A selective approach could also be used for the other 
radiological investigations that arc used for staging soft 
tissue metastatic prostate cancer—computed tomogra- 
phy (CT) and magnetic resonance (MR). Threshold 
PSA levels for the use of these modalities have not been 
clearly identified (85). An initial study (86) of 300 
newly diagnosed patients with prostate cancer exam- 
ined with CT and MR scanning demonstrated a low 
likelihood of lymph node metastases if the PSA was 
below 20 ng/ml. Spencer and colleagues (87) reported a 
selected series of 102 men with newly diagnosed 
prostate cancer investigated with skelctal scintigraphy 
and contrast enhanced CT scans (for nodal staging) as 
pre-operative investigations. There was no statistical 
difference between the mean PSA values of the 13 men 
with lymph node metastases (106 ng/ml) and the 89 
men without lymphadenopathy (101 ng/ml). Ten men 
had positive pelvic lymph nodes alone; three further 
men had retro-peritoneal and pelvic lymph nodes. One 
man had CT evidence of pelvic lymphadenopathy and 
a PSA level below 20 ng/ml, namely 18.6 ng/ml; 18% 
of men had positive skeletal scintigraphy, and one man 
(who had symptomatic bone pain) had a skeletal 
metastasis with a PSA leve! below 20 ng/ml. Patients in 
this study had not been diagnoscd through a prostate 
cancer screening program, and thus many of the 
patients had more advanced disease than may be seen 
in other centers’ serics. Most of these men were symp- 
tomatic with outflow tract obstruction or acute urinary 
retention, and the proportion of abnormalities was 
thus higher than would be expected in other series 
where cancer was detected through PSA screening. If 
staging imaging had been restricted to those men with 
a PSA value above 20 ng/ml, 30 of the 102 paticnts 
would have avoided imaging tests. The use of these 
imaging tests had a sensitivity of 92% and a specificity 
of 67%. If a Gleason score above 5 or a PSA level over 
20 ng/ml had qualified imaging the sensitivity of 
imaging would have been 96% but 12 further men 
would have required these imaging tests. Further work 
is needed to clarify a PSA-based policy for the selective 
use of CT and MR in these patients. 

Measurement of free to total PSA does not appear to 
help with staging the primary tumor within the 
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prostate. This was shown from a review of 307 
patients with prostate cancer (88), 170 of whom under- 
went radical prostatectomy. There was no statistically 
significant difference between patients with T2 and T3 
tumors, and the ratio of free to total PSA did not help 
in the pre- operative prediction of tumor stage and 
volume. 


PSA in follow-up 


The main biochemical criteria used for predicting the 
prognosis and likely outcome of definitive treatment, 
whether surgical or radiation therapy, are the pretreat- 
ment PSA and the subsequent monitoring of the serum 
PSA level following definitive treatment. A rising PSA 
level following a course of radical therapy implies 
residual or recurrent or progressive disease and raises 
issues about future management. The PSA doubling 
time (PSADT) can be measured in untreated patients 
with prostate cancer, and may provide information 
about the biological potential of the tumor to supple- 
ment the absolute pretreatment level. Other workers 
are exploring the possibility of measuring intracellular 
PSA levels in material obtained from the prostate as a 
fine-needle aspirate, as a prognostic factor for prostate 
cancer (89). Accelerated PSA doubling times may be 
identified in some patients with progressive disease 
after radiation therapy (90) or surgery. PSA doubling 
times have also been suggested as a surrogate end-point 
in clinical trials for hormone-refractory prostate cancer 
(91). This approach was outlined in a study of 30 
patients receiving oral idarubicin; 26 patients were 
assessable and in 23 the PSA increased exponentially 
with time, with a median PSADT of 2.1 months, 
similar to the PSADT of patients receiving anti- 
androgen treatment alone. 

The radio-isotope bone scan is a sensitive test and 
can be used to monitor symptomatic prostate cancer 
patients after treatment, but in asymptomatic prostate 
cancer patients the role of scintigraphy is not estab- 
lished. Serial PSA monitoring is a logical theoretical 
approach for monitoring asymptomatic patients, but 
currently no level has been found to identify a thresh- 
old to perform a bone scan when PSA levels rise in 
asymptomatic patients after treatment. A retrospective 
study of our own patients who had been in therapeutic 
trials (84) identified 59 patients with serial bone scans 
and serial PSA measurements. In three men, new bone 
metastases were observed by bone scintigraphy without 
a corresponding rise in PSA. In 13 men, the PSA levels 
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rose in advance of new metastases on the scintigram. In 
the remaining 41 cases any change of the serum PSA 
level and scintigram appearance occurred in parallel. 
We felt that serial PSA levels were able to monitor 
disease progression in metastatic prostate cancer better 
than skeletal scintigraphy but that neither technique in 
isolation gave complete accuracy. 


Radical prostatectomy 


Following successful radical prostatectomy, the serum 
PSA level should be undetectable. The serum total PSA 
half-life after surgery has been measured at 3 days (7). 
Frequent sampling of PSA after prostatectomy cnables 
two components to be identified. One has a half-life of 
1-2 h and represents free PSA; the other has a half-life 
of 3 days and represents PSA complexed to a-chy- 
motrypsin (92). Unfortunately about 35% of men will 
develop a rise in serum PSA in the 10 years after 
surgery. Pound and colleagues (93) found that they 
were able to predict the probability of long-term cure 
after radical prostatectomy by using pathological stage 
as a surrogate end point. The factors indicating a 
patient’s likclihood of having an undetectable PSA at 
10 years after surgery are pretreatment PSA, Gleason 
score, and pathological stage. An analysis of post-oper- 
ative PSA levels in a series of 1977 men treated by 
radical prostatectomy at the Johns Hopkins Hospital, 
Baltimore, Maryland between 1982 and 1997 was 
reported by Pound and colleagues (93); 315 men 
(15%) showed recurrent disease, and a detectable PSA 
greater than 0.2 ng/ml was the only evidence of recur- 
rent disease in 201 men. In these men, serum PSA level 
increases demonstrated an exponential growth curve 
and PSA doubling times were corrclated. A PSA dou- 
bling time cut-off of 10 months provided the most sta- 
tistically significant prediction of time to distant discase 
progression after PSA elevation. The median time to 
development of metastases after PSA elevation was 5 
years (mean 8 ycars). In this group’s experience, no 
patient had local recurrence or distant metastases with 
an undetectable PSA level at the time of progression; 
23% of men with biochemical progression had an 
undetectable PSA for at least 5 years after surgery, and 
4% had an undetectable PSA for 10 years before there 
was biochemical evidence of progression. The overall 
10- and 15-year metastases-frec survival rates were 
87% and 82%, respectively. Men with a pre-operative 
PSA level between 10 and 20 ng/ml demonstrated a 
lower rate of recurrent disease than men with a preop- 
erative PSA level greater than 20 ng/ml. A report from 
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another center (94), however, has noted recurrent 
disease in 3 of 394 men (2.3%) after radical prostatec- 
tomy where clinical evidence of disease progression 
occurred despite undetectable serum PSA levels 

PSA assays with significant improved sensitivity are 
being developed and can be used to detect che presence 
of minimal prostate cancer. In theory, such ultrasensi- 
tive PSA assays might help to identify more aggressive 
tumors and facilitate administration of early adjuvant 
therapy after failed primary treatment. The Immulite ® 
third-generation PSA assay (Diagnostic Products 
Corporation, Los Angeles, California, USA) claims a 
working range of 0.01-20 ng/ml. Experience with this 
assay after radical prostatectomy has allowed PSA to 
be detected in some patients in whom PSA could not be 
detected with conventional detection ranges (5). 
Patients with minimal risk of early cancer recurrence 
were correctly identified with the Immulite assay. Two- 
thirds of those not cured by prostatectomy were 
identified post-operatively with this assay, and all 
patients with biochemical or clinical recurrence of 
prostate cancer were correctly identified by 2 years 
after prostatectomy. 


Radical radiotherapy 


The last decade has seen increasing numbers of patients 
with early prostate cancer treated by radical prostatec- 
tomy, and a relative decrease in those treated by radi- 
ation therapy. Following radical prostatectomy, the 
serum PSA should become undetectable and any increase 
in the serum PSA is indicative of recurrent disease. The 
situation is Icss clear following radiation therapy. Serum 
PSA levels may initially increase following radiation 
therapy duc to cell damage, inflammation, and tissuc 
necrosis, but should subsequently fall. The levels usually 
start to decrease from the third and fourth weck after 
the start of radiotherapy, with a half-life of 2-3 months. 
However, they seldom reach the undetectable levels seen 
following surgery. There may be a continued fall for 12 
months after radiation therapy (95). Kavadi and col- 
leagues (96) showed that patients whose PSA did not fall 
to at least 4 ng/m! by 6 months after treatment werc 
likely to demonstrate a high rate of recurrent discase. 
There is controversy about the PSA levels that indicate 
successful treatment with no clear absolute PSA nadir 
level identified to indicate successful treatment. In a 
study reported from the Massachusetts General Hospital 
(97), the ability of a PSA nadir to act as an early surro- 
gate for subsequent freedom from biochemical progres- 
sion was investigated in 314 men with T1-2 prostate 
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cancer treated by conventional external beam radiother- 
apy. 123 patients with a PSA nadir below 0.5 ng/ml had 
a 90% freedom from PSA failure; those 103 patients 
with a PSA nadir of 0.6-1 ng/ml had a 55% association, 
and those 88 men with a PSA nadir above 1 ng/ml had a 
34% association. A good correlation was identified 
between the pretreatment PSA level and the likelihood of 
obtaining an undetectable PSA nadir. This was 74% if 
the pretreatment PSA was below 4 ng/ml, 42% in those 
men with a PSA level between 4 ng/ml and 10 ng/ml, 
and 32% in those men with a pretreatment scrum PSA 
level over 10 ng/ml. The time required to reach the PSA 
nadir docs not appear to be critical. A multi-institution 
pooled analysis of 1765 patients treated at six North 
American centers with external beam radiation therapy 
alone was reported in 1999 (98). The institutions sub- 
mitted details of patients with T1b, Tic, T2, Nx, MO 
prostate cancer together with details of initial PSA levels 
and follow up for at least 24 months with at least four 
post-treatment PSA levels. The mean pretreatment level 
was 18.9 ng/ml (range 0.2-2028 ng/ml); 14% of patients 
had a PSA level of 4 ng/ml or less; 24% had a PSA level 
over 20 ng/ml. Four separate prognostic groups were 
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@ group 1: initial PSA below 9.2 ng/ml 

@ group 2: PSA between 9.2~19.7 ng/ml 

@ group 3: PSA over 19.7 ng/ml and Gleason score 
below 6 

@ group 4: PSA over 19.7 ng/ml and Gleason score 
between 7 and 10. 


Fstimates of the rate of survival free of biochemical 
failure at five years were identified: group 1 81%, 
group 2 69%, group 3 47%, group 4 29%. A rising 
PSA may occur some years before there is evidence of 
clinical failure, and patients with a rising PSA may 
never have clinical metastases. Nonetheless, a rise in 
PSA is indicative of disease activity, and may be used as 
an indication for additional therapy. The American 
Society of Therapeutic Radiology and Oncology issued 
consensus guidelines of biochemical recurrence in 1997 
(99): three consecutive rises in PSA values or any rise in 
PSA great enough to provoke androgen suppression 
with backdating of the failure time to the midpoint 
between the last non-rising PSA and the first rising PSA 
value. Studies using immuno-peroxidase stains for PSA 
have shown that the PSA produccd in patients follow- 
ing radiation therapy represents malignant cells and 
not residual benign prostate epithelial cells (100). 
TRUS-guided biopsy is required to fully assess local 
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recurrence after radical radiotherapy, but computed 
tomography has a role in the assessment of sympto- 
matic soft tissue relapse. Indications for CT scanning in 
such circumstances will be largely determined by PSA 
levels; upper-abdominal rather than pelvic retroperi- 
toneal lymph node disease may predominate in such 
patients and the CT scan should encompass the entire 
abdomen and pelvis. 

Some patients with ercctile dysfunction after radia- 
tion therapy may now be treated with sildenafil 
(Viagra). Recent reports have suggested a favorable 
improvement in erectile function in 74% of patients 
treated after external beam therapy (101) and in 81% 
of patients after prostate brachytherapy (102). The 
manufacturer (Pfizer Inc) (personal communication) is 
not aware of any effect of sildenafil on PSA levels in 
men, although specific investigation of this has not 
been undertaken. Treatment with sildenafil would not 
appear to have an effect on scrum PSA levels used for 
monitoring patients with prostate cancer after cancer 
treatment. Erectile dysfunction and prostate cancer will 
tend to occur in men at a similar age. In view of the 
widespread usc of PSA in all aspects of prostate cancer 
diagnosis and treatment, and the potential extensive 
use of sildenafil, it may be worth obtaining more 
precise clarification that the PSA level is unaffected by 
sildenafil therapy. 


Intermittent endocrine therapy 


The use of PSA to monitor treatment has led to 
renewed intcrest in this therapeutic approach, This 
treatment is based on the hypothesis that androgen 
replacement at the end of a period of apoptotic regres- 
sion may enable stem cells to differentiate and thus 
become androgen-dependent. Akakura and collcagues 
(103) reported the effects of intermittent androgen sup- 
pression therapy in four men with stage C and three 
men with stage D prostate cancer. When the PSA level 
was in the normal range after 6 months treatment, 
treatment was interrupted for 2-11 months. Androgen 
withdrawal was restarted when the PSA level increased 
to about 20 ng/ml. This cycle was subsequently 
repeated. Further studies are needed to assess whether 
PSA can usefully monitor tumor progression in patients 
with this intermittent therapcutic approach. 


Hormone refractory prostate cancer 


Metastatic prostate cancer usually shows regression 
with androgen-ablation therapy but most patients with 
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metastatic prostate cancer will suffer a relapse because 
of androgen-independent tumor growth. The median 
period for this relapse is 12-18 months, with a median 
survival of about 3 years. Prostate tumors represent a 
heterogeneous group of cell patterns. The cell death 
induced by androgen treatment is incomplete and ulti- 
mately with treatment, cells with androgen-indepen- 
dent tumor growth become selected, i.c. the tumor 
becomes ‘hormone refractory prostate cancer’. Various 
studies have explored the use of different aspects of 
PSA as a prognostic indicator of hormone refractory 
prostate cancer in an attempt to identify which patients 
with hormone refractory prostate cancer may benefit 
from further treatment, and to establish whether PSA 
response is a valid surrogate end-point. Pretreatment 
PSA, time to reach PSA nadir, percentage decrease in 
PSA with treatment, and PSA doubling times are some 
of the parameters currently under considcration. 
Absolute PSA levels have not been useful as PSA 
expression by the tumor may alter during treatment, 
and there may be alterations in protein binding rather 
than changes in tumor cell mass. Initial reports looked 
at pretreatment PSA levels as a threshold level for iden- 
tifying patients with a poorer prognosis. An early study 
(104) identified that patients with hormone refractory 
prostate cancer with an initial pretreatment serum PSA 
level above 100 ng/ml had a significant decrease in sur- 
vival. Some other studies have not confirmed this. Kelly 
and colleagues (105) looked at percentage change in 
PSA in hormone refractory prostate cancer and 
reported a significant improvement in survival in 
patients with a 50% decrease in PSA with treatment. 
Suramin directly modulates PSA release and another 
report PSA from phase I studies of suramin (106) 
demonstrated an increase in survival in patients with a 
greater than 50% decrease in PSA. The role of PSA 
levels is unclear in hormone refractory prostate cancer 
with no clear relation between serum PSA and clinical 
outcome, and no clear definition of response criteria. 
Further studies into the use of PSA in predicting 
outcome of hormone refractory prostate cancer are 
needed. 


Conclusions 


PSA has become the essential test in the investigation 
and management of patients with prostate cancer. New 
concepts, such as the use of PSAD, age-specific refer- 
ence ranges, PSA velocity, free to total PSA ratios, 
coupled with technical developments in ultrasound 
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imaging, such as power Doppler, sonographic contrast 
agents, and second harmonic imaging, may improve 
the specificity of PSA as a diagnostic test in the next 
decade and decrease the number of benign biopsies per- 
formed, particularly for patients with intermediate PSA 
elevations in the 4-10 ng/ml range. The role of PSA in 
the follow-up of prostate cancer after treatment is well 
established and offers valuable prognostic information. 
A serum test that can be used for carly diagnosis and 
will differentiate those prostate cancers that will 
progress clinically from those that are clinically indo- 
lent is however needed. 
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Introduction 


With carcinoma of the prostate having achieved the 
status of the most common cancer in US men, and with 
the majority of currently diagnosed prostate cancers 
being clinically localized, the importance of surgical 
extirpation of the diseasc has grown. Evidence is 
growing that a substantial number of men diagnosed at 
this time derive substantial bencfit from treatment and 
that, of all treatments available, radical prostatectomy 
offers the highest likelihood of long-term, disease-frec 
survival. In this chapter, we will provide the back- 
ground for the efficacy of prostate cancer carly detec- 
tion, for treatment with radical prostatectomy, and 
thereafter, technical details regarding both radical 
retropubic and perineal prostatectomy. 


Evidence of the efficacy of early 
diagnosis and treatment 


With the advent of PSA screening, a phenomenon that 
increased substantially between 1987 and 1990, the US 
witnessed a major increase in disease incidence. In the 
SEER tumor registry system, disease incidence 
increased from 84.4/100000 population to 
163/100 000 population between the years 1984 and 
1991. The incidence rate in Utah reached a high in 
1992 of 236.2/100 000 population (1). Several intercst- 
ing observations have resulted from this natural exper- 
iment. First was that the tumors detected were not the 
so-called ‘autopsy tumors’, tumors that were noted 
incidentally at the time of death in a majority of men. 
These autopsy tumors were generally of microscopic 
dimensions and well-differentiated. A number of 
authors have found that the volume of tumors detected 
through PSA screening is dramatically larger than these 
autopsy tumors (almost certainly as needle biopsies 


only sample a fraction of the gland) and that the vast 
majority (> 90%) of tumors are moderately or poorly 
differentiated (1, 2). 

Shortly after the recognition of a major increase in 
the detection of clinically-significant prostate cancer 
with PSA screening, the observation was made that a 
shift was occurring in tumor stage. While previous 
reports had noted that many patients were found with 
pathologically-advanced prostate cancer, the rate of 
pT3 (pathologically-advanced) disease was falling. 
From the Washington University screening series, 
Smith reported the results of annual PSA screening in 
10 248 healthy, community-dwelling men (1). Over a 
period of 4 years, the rate of pathologically advanced 
disease fell from 33% to 27%. A similar result was 
noted at Stanford University where, between 1988 and 
1996 with PSA screening, the rate of patients with 
seminal vesicle invasion fell from 18% to 5%, the rate 
of positive margins from 30% to 14%, and the rate of 
organ confined disease rose from 40% to 75% (1). 

The next step witnessed in the natural experiment of 
PSA screening was a dramatic fall in prostate cancer 
incidence. Such was not unexpected as a sensitive 
screening test had not been available prior to 1987. 
Once men with the disease in the general population 
were diagnosed, the total numbers of men diagnosed 
annually fell precipitously. In Utah, where a dramatic 
increase in incidence was initially scen, the incidence 
rate fell from 236.2/100000 in 1992 to 195 and 
164/100 000 population during the subsequent two 
years (1). 

Probably the best evidence of the efficacy of PSA 
screening has been demonstrated by a fall in prostate 
cancer mortality. This fall in mortality has been real- 
ized in several geographic regions—only those where 
PSA screening has been operational—and includes 
Olmsted County, Minnesota, Canada, and the SEER 
regions of the United States (1-4). While in the absence 
of a randomized, prospective controlled study (cur- 
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rently being conducted, PLCO: the Prostate, Lung, 
Colorectal, and Ovarian Cancer Screening Study of the 
National Cancer Institute), definite evidence of the 
effectiveness of prostate cancer screening is not conclu- 
sively demonstrated, these data presented above 
provide a compelling rationale for the early detection 
and treatment of this discase. 


Who is the optimal patient for 
therapy? 


Whitmore first coined the paradigm that the patient for 
whom therapy is indicated has a tumor that both 
requires treatment and can be cured. Regarding the 
first half of the paradigm, if the tumor is destined to do 
well over the patients life-expectancy, treatment would 
be unnecessary. Regarding the second, if the disease is 
so advanced as to make treatment only an academic 
exercise, treatment is also unnecessary as it will be inef- 
fective. Factors that should be considered when select- 
ing a patient for radical prostatectomy are described 
below. 


Age 


The optimal patient for treatment of prostate cancer is 
a man who is at risk of disease progression and death 
over the course of his lifetime. Albertsen, in a study of 
patients with prostate cancer who were followed 
without treatment, found that in most patients, death 
from disease occurred after 10-15 ycars following 
diagnosis. Thus, with the exception of men who may 
have very aggressive tumors (for whom treatment may 
be unsuccessful and therefore unnecessary), it is only a 
man with a 10-year or morc life-expectancy for whom 
screening and treatment will be beneficial (5). For a 
man in his 50s, screening and treatment is therefore 
very reasonable. For the average man in his late 70s, 
treatment may be unnecessary. However, the physician 
should carefully examine the older man. We have been 
disappointed on many an occasion after witnessing 
disease recurrence and progression in men over age 70, 
in whom non-aggressive initial therapy was elected 
merely because of the patient’s age. 


PSA 


One of the most powerful predictors of outcome of treat- 
ment is PSA. PSA relates to a number of factors regarding 
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the tumor. Ir is an excellent surrogate for tumor volume 
and therefore also relates directly to the likelihood of 
positive margins, seminal vesicle invasion, nodal discase, 
and metastatic disease. Assuming that metastatic discase 
has been ruled out by a normal radioisotopic bone scan, 
PSA can be used successfully to predict which man 
will require pelvic lymph node dissection. At both 
Washington University and Johns Hopkins University, 
institutions with very large series of patients treated with 
radical prostatectomy, PSA predicted the likelihood of 
disease progression. At Washington University, 7-year 
progression-free survivals were 93% (PSA < 2.5 ng/ml), 
80% (PSA 2.5—4.0 ng/ml), 76% (PSA 4.0-10.0 ng/ml), 
and 40% for PSA values > 10.0 ng/ml (1). Results at 
10 years at Hopkins were 87% (0-4 ng/ml), 75% 
(4-10 ng/ml), 30% (10-20 ng/ml), and 28% (> 20 
ng/ml). Thus, the optimal candidate for radical prostatec- 
tomy has a PSA < 10 ng/ml. Patients with higher PSA 
values should be counseled regarding the high likelihood 
of the need for adjuvant therapy (6-9). 


Tumor grade 


Differentiation of prostate cancer is a powerful predictor 
of the outcome of radical prostatectomy in every serics 
that has been reported. While results with well-differenti- 
ated tumors are excellent, high failure rates have been 
observed with patients who have poorly differentiated 
tumors. It must be realized, however, that many patients 
with such poorly differentiated disease have overt metas- 
tases identified prior to radical prostatectomy—cither 
positive bone scans, positive pelvic lymph node dissec- 
tions, or palpable evidence (e.g. seminal vesicles) of extra- 
prostatic extension. Nevertheless, several large series have 
presented durable, excellent long-term, disease-free sur- 
vivals—even in men with high-grade disease. One such 
example is the Washington University serics that has 
reported a 48% progression-free survival at 7 years of 
follow-up (10-12). The question of how to manage the 
paticnt with well-differentiated disease is difficult to 
answer. Certainly, the older patient with low-volume, 
well-differentiated disease (e.g. Tla disease) is probably 
best managed expectantly. However, the young man with 
low-grade discase has a substantial risk of discase pro- 
gression—both in stage and in grade—and may be best 
managed early and definitively with surgical extirpation. 


Clinical stage 


In general, digital rectal examination is a poor predic- 
tor of ultimate clinical stage. We have found, for 
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example, that in the years prior to PSA, tumors that 
were felt to be organ-confined by DRE, were more 
likely to have extra-prostatic spread than to be organ- 
confined (13). However, it is generally the case that if 
extra-prostatic disease is appreciated on DRE, in excess 
of 75% of the time, pathologic staging will confirm 
that the disease is not organ-confined. Thus, the 
optimal candidate for radical prostatectomy should 
have no evidence of palpable seminal vesicle or extra- 
prostatic tumor extension. 


What is the best method of radical 
prostatectomy? 


At our institutions, we have found that the results of 
radical prostatectomy are quite similar, whether per- 
formed retropubically or perineally. Unfortunately, 
most urologic surgeons are facile with one or the other 
procedure and this technical detail gencrally determines 
the approach. However, for some surgeons who are 
equally comfortable and skilled in both approaches, 
there arc some features that may make one or the other 
a better choice for an individual patient. 


Patient habitus 


In gencral, an obese patient has better access to the per- 
ineum than via the retropubic approach. Pre-opcra- 
tively, the patient should be examincd closely as, on 
occasion, an obese patient has a high-riding prostate 
that is not amenable to perineal prostatectomy. 


Gland size 


A prostate larger than 60-80 g can be difficult to 
remove intact via a perineal approach. While not an 
absolute contra-indication, we prefer to perform a 
retropubic prostatectomy on such patients. 


Risk of positive nodes 


In gencral, we recommend perincal prostatecromy for 
men with a < 3-5% risk of positive lymph nodes. We 
and others have developed nomograms for this purpose 
and we use these to assist in patient counseling to 
determine whether node dissection is necessary or 
appropriate (14). For patients with a greater risk of 
nodal disease, we generally recommend a retropubic 
approach with simultaneous lymphadenectomy. On 
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occasion, however, an educated patient with a higher 
risk of nodal disease may opt for a perineal approach 
to reduce the post-operative recovery time. We have 
been concerned in such patients, however, about deci- 
sion-making related to the management of PSA recur- 
rences and the risk of radiating a prostatic fossa when 
nodal involvement is present. In general, using our 
approach, about half of patients undergo a pcrineal 
prostatectomy and half a retropubic approach. 


Other considerations 


In general, a perineal prostatectomy results in a more 
rapid patient recovery. A majority of patients are dis- 
charged within 24 h and it is a rare patient who cannot 
return to work within a few days. Most require 
minimal to no post-operative analgesia. We have been 
impressed that urinary continence seems to return more 
quickly with this approach and that potency is no dif- 
ferent than with the retropubic approach. On the other 
hand, rectal injury has traditionally been higher with 
the perineal approach and, through a series of investi- 
gations, we have found that a small subset of patients 
will complain of some degree of fecal incontinence fol- 
lowing perineal prostatectomy (3). 


Nerve-sparing radical retropubic 
prostatectomy 


Patient sclection 


The ideal candidate for a nerve-sparing radical retropu- 
bic candidate is determined by pre-operative and intra- 
operative criteria. The patient must be potent 
pre-operativcly and wish to be potent post-operatively 
(10). Ideally, the patient should be younger than 60 
years of age. Post-operative potency is best in this age 
group; up to a 75% potency rate can be achicved by 
sparing both nerves in these men (11). This is in con- 
trast to a 48% potency rate in older men undergoing 
unilateral nerve-sparring procedure (11). Pre-operative 
clinical staging should indicate localized prostate 
cancer and a life expectancy of ten years or greater. 
The anatomical margin for technical error between 
the cavernosal nerves and prostate cancer is, at best, 
3—4 mm (10). In addition, the earliest signs of extra- 
prostatic cancer extension appear along these nerves 
where they penetrate the prostate capsule (12). 
Surgeons must therefore incorporate all available clini- 
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cal staging tools to thoughtfully select candidates with 
localized cancer and exercise precise technical skill in 
order to avoid a positive margin of resection and pre- 
serve potency. 

The most basic clinical staging criterion are the 
patient’s total serum PSA, biopsy Gleason score, and 
findings of the digital rectal examination. Partin com- 
bined these criterion to construct his nomogram that is 
widely used to estimate the probability of extra-prosta- 
tic cancer. Based on this nomogram, the ideal candidate 
for a nerve-sparing radical prostatectomy would have a 
serum PSA less than 10 ng/dl, a Gleason score less than 
8, and a benign digital rectal examination (13). 

While a low PSA and Gleason score are preferred, 
each of these criteria considered individually, however, 
are only guidelines to select the appropriate candidate 
for a nerve-sparing procedure. Serum PSA elevations 
are not cancer-specific and partially represent benign 
prostate processes such as hypertrophy and inflamma- 
tion. A biopsy Gleason score greater than 7, however, 
is a reasonably specific indicator of a high-grade cancer 
in the prostate. Steinberg found an 87% correlation 
between a high-grade cancer on biopsy and the radical 
prostatectomy specimen, These high-grade tumors are 
significantly associated with a higher incidence of a 
positive margin (14-16). 

A prostate nodule should lead the surgeon to intra- 
operatively consider a wide excision of the ipsilateral 
neurovascular bundle (NVB). This finding in itself, 
however, does not pre-operatively mandate excision of 
the NVB, as it is an unreliable indicator of the location 
of cancer in the prostate. Eggleston and Walsh reported 
that over 80% of patients with a unilateral prostate 
nodule had cancer in both lobes of the resected 
prostate. By routinely excising the NVB ipsilateral to a 
prostate nodule, Smith et al. demonstrated a 10% 
reduction of positive margins. We recommend particu- 
lar caution in sparing a NVB on the side of an apical 
prostate nodule because positive margins are most 
common at the prostate apex and the NVB is most inti- 
mately associated with the prostate at this location (8, 
9). If the NVB appears fixed during the apical dissec- 
tion and does not easily separate from the prostate 
capsule, suspect peri-ncural invasion and widely excise 
that bundle (17-19). 

Particular caution is also recommended when 
sparing the NVB on the prostate side where peri-neural 
invasion was identified on the prostate biopsy. When 
present, peri-neural invasion is a strong indicator of 
extra-prostatic disease and a independent predictor of 
eventual biochemical failure (4, 5, 6). When the NVB 
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ipsilateral to biopsy demonstrated peri-neural invasion 
is resected, Epstein reported a 17% reduction in the 
incidence of positive margins (7). 

Through careful pre-operative patient selection and 
precise operative technique, a nerve-sparing prostatec- 
tomy can achieve complete excision of prostate cancer 
in 64% of patients (20). Bilateral nerve-sparing proce- 
dures can preserve potency rate of 68% of men 
without increasing the incidence of positive margins 
(16, 17, 18, 20). Patients with partial or complete 
impotence following a bilateral nerve-sparing prostate- 
ctomy can expect an excellent response to sildenafil. 
Zippe demonstrated an 80% potency and partner satis- 
faction rate in these patients (21). 


Technique 


The nerve-sparing radical prostatectomy as initially 
described by Walsh is now widely employed and has 
been modified by several leading experts (22). The 
below description of the operation is such a 
modification. 


Patient preparation 
Blood transfusions 


Advances in technique and improved understanding of 
the peri-prostatic venous anatomy have limited the 
average blood loss to approximately 600 cm*. The fre- 
quency of blood transfusions at most centers have 
accordingly declined. A blood transfusion can generally 
be avoided if the blood loss is < 1000 cm?. The experi- 
ence of the surgeon is a key factor determining the 
average blood loss. If a surgeon’s average loss is 
> 1000 cm’, alternatives to heterogeneic blood transfu- 
sions such as pre-operative autologous blood banking 
and acute normovolemic hemodilution should be con- 
sidered. 


Bowel preparation 


A rectal injury is encountered during a retropubic 
prostatectomy in < 3% of cases (23, 24). One prefers 
an operative field chat is clear of gross contamination 
in the event of such an injury. We therefore typically 
ask our patients to adhere to a clear liquid diet 24 h 
before surgery and administer an enema the evening 
before and morning of surgery. A formal antibiotic and 
mechanical bowel prep is not employed. In the rare 
event of a rectal injury, it is closed primarily in two 
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layers with 2.0 absorbable suture. We separate this 
repair from the vesico-urcthral anastamosis by an inter- 
posing pad of fat. Such management has resulted in no 
fistula or post-operative wound infections. 


Peri-operative antibiotics 


An oral fluoroquinalone is started the morning of 
surgery and continued post-operatively until the pelvic 
drain is removed. This regimen is clinically effective 
and more economical than parental antibiotics. After 
drain removal, the patient is kept off antibiotics until 
the day before the catheter is removed. We then start 
an 8-day course of a broad spectrum antibiotic. 


Patient position 


The patient is flexed at the lumbar region to expose the 
retropubic space. Abducting the patient’s legs in stir- 
rups allows the assistant to apply perineal pressure 
with a sponge stick and expose the urethral stump 
during the placement of anastomotic sutures or areas 
of venous bleeding for hemostasis. We experienced a 
less than 1% incidence of deep venous thrombosis and 
no cases of nerve palsics with this positioning. Many 
surgeons, however, find perineal pressure can be satis- 
factorily applied with the patient in a supine position 
without leg abduction. 


Prostate apex and urethra exposure 


The endo-pelvic fascia 


The endopelvic fascia is exposed through a midline 
infra-umbilical extra-peritoneal incision and the aid of 
a Balfor retractor with a malleable center blade. Use a 
sponge-stick to retract the prostate medially and place 
this fascia on tension, Enter the peri-prostatic space by 
popping through the fascia approximately 4 mm lateral 
to the prostate surface with the Metz scissor tips. An 
incision that is more medial risks opening the peri- 
prostatic venous plexus. An incision that is too lateral 
will damage the musculature of the lateral pelvic side- 
wall and result in hemorrhage that is very difficult to 
control. Expose the base of the prostate by extending 
this incision posteriorly to the rectum and anteriorly to 
the insertion of the pubo-prostatic ligament. Exercise 
caution to avoid the veins behind this fascial plane. If 
such a vein is encountered, carefully ligate it. Next, 
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buff the prostate by sweeping all strands of pelvic side- 
wall muscles off with a clean Kippner. Insert your 
finger to palpate the urethra. Pack a #10 sponge in this 
space and dissect the contra-latera! peri-prostatic space 
in an identical fashion. 


The pubo-prostatic ligaments 


Preservation of the pubo-prostatic ligaments is felt to 
promote a more rapid return of post-operative conti- 
nence. The ultimate continence achieved through the 
preservation of these ligaments is not, however, supe- 
rior to the rates published for patient that have had 
these ligaments divided. Sacrificing these ligaments 
affords a more secure tie on the dorsal venous complex 
(DVC). We therefore routinely divide these ligaments 
by pressing the prostate posteriorly with a sponge-stick 
and cutting them as close to their pubic bone insertion 
as possible. If these ligaments are short and intimately 
associated with the DVC, however, it is far better to 
preserve them and proceed directly to securing the 
DVC than prematurely injuring the complex and suf- 
fering excess blood loss. 


Securing the dorsal venous complex 


Control of the DVC begins by placing several 2.0 
monofilament sutures on a UR-S needle to secure the 
veins that aphorize over the anterior and lateral aspects 
of the prostate in a manner originally described by 
Meyers (25). Next, face the anesthesiologist and pinch 
the complex with your left hand to develop the groove 
between it and the urethra. Pass the right-angle clamp 
through this groove to pass a #1 vicryl suture around 
the DVC. Establish proximal control by securing this 
suture as close to the urogenital diaphragm as possible 
(Fig. 16.1). 


Dividing the dorsal venous complex 


Replace the right-angle clamp anterior to the urethra 
and stretch the DVC over the opened tips of this clamp 
by pressing prostate base down with a sponge-stick. 
Divide the DVC with electrocautery to expose the 
urethra. A pair of forceps and a 0-chromic suture on a 
UR-S5 needle should be readily available to compress 
and over-sew the cut edges of the DVC if the proximal 
tic is lost at this time. 


Fig. 16.1 View into the pelvis of the dorsal venous complex 
tic from the head of the table. 


The apical dissection 


Urethral dissection and division 


Apply cephalad traction to the prostate to expose the 
apex. Sharply dissect away peri-urethral muscle fibers 
inserting onto the anterior prostate apex. Place a right- 
angle clamp between the urethra and recto-urethralis 
muscle and clevate the urethra. Incise the anterior and 
lateral aspects of the urethra without injuring the 
catheter. A balance between leaving the longest possi- 
ble urethral stump to preserve continence and ensuring 
an adequate surgical margin can be met by planning 
this incision approximately 4 mm distal from the 
prostate apex. Next, expose the posterior urethra by 
lifting the catheter away with a second right-angle 
clamp to complete the urethral division. 


Urethral anastomotic sutures 


Many surgeons feel that the urethra is maximally 
exposed before it is completely divided and prefer to 
place their proximal anastomotic sutures at that time. 
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We find it equally easy to expose the urethra by apply- 
ing perineal pressure after the prostate is completely 
removed. This keeps the urethral safe from injury by 
inadvertent traction on the anastomotic sutures during 
the remainder of the operation. 


Division of the catheter 


We routinely preserve the majority of the catheter 
length and use it to apply gentle traction to the prostate 
apex while sparing the cavernosal nerves. To do this, 
occlude the balloon port by clamping the intra-pelvic 
portion of the catheter with a right-angle clamp. Divide 
the catheter as it exits the penis and pull the cut 
catheter end into the pelvis. Apply a Kelly clamp to this 
end and remove the right-angle clamp. 


Division of the recto-urethralis muscle 


Apply gentle cephalad and posterior pressure to the 
anterior prostate. The recto-urethalis muscle should be 
obvious as it extends from the rhabdosphincter and 
inserts onto the apex of the prostate. Two methods of 
dividing this muscle are equally effective and should be 
specifically tailored to each patient’s unique anatomy. 
For a thick recto-urethralis muscle, we prefer to insert 
the tips of a delicate right-angle clamp under the lateral 
borders of this muscle band and elevate it from the 
underlying cavernosal nerves and pre-rectal fat. For a 
patient with a thin recto-urethralis muscle, this maneu- 
ver is not as necessary and we directly divide this 
muscle with Metz scissors in the midline until the 
lemon-yellow pre-rectal fat is encountered. The cav- 
etnousal nerves abut the lateral borders of this muscle. 


Sparing the cavernosal nerves 
The anterior lateral pelvic fascia 


The cavernosal nerves course along the postcrio-lateral 
aspects of the prostate and are confined to this space by 
the anterior and posterior divisions of the lateral pelvic 
fascia. To liberate these bundles, most surgeon start by 
sharply dissecting the antcrior pelvic fascia off of the 
prostate. It is often easiest to divide this fascia after ele- 
vating the proximal edge where it folds over the 
prostate base with a right-angle clamp. Continue the 
dissection sharply to the prostate apex. The cav- 
ernousal nerves should fall away laterally. 
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The posterior lateral pelvic fascia 


Next, identify the point where the neurovascular 
bundle courses from the prostate apex to the urogenital 
diaphragm. At this point scparate each bundle from the 
prostate by dividing the posterior fascia. This will 
release the bundles laterally and keep both layers of 
Denovier’s fascia on the posterior aspect of the prostate 
as an additional margin. 


Liberating the cavernosal neurovascular 


bundle 


Use the urethral catheter to apply gentle counter trac- 
tion anterolaterally to the prostate and continue liber- 
ating the bundle in a retrograde fashion. Apply small 
clips in parallel with the bundle to control obvious 
veins draining into the prostate as described by Walsh 
during this dissection (22). It is essential to keep 
tension on cach bundle to a minimum during this dis- 
section. For this reason, begin liberating the contra- 
lateral bundle before completing liberating the nerve 
from onc side. Continue the dissection by alternating 
the dissection between the right and left sides until the 
level of the seminal vesicals are reached. Pack the pelvis 
at this point to tamponade venous bleeding during the 
remainder of the operation. 


Securing the vascular pedicles and the 
seminal vesical dissection 


Retract the prostate upward to expose Denovier’s 
fascia covering the seminal vesicals. We divide 
Denovier’s fascia approximatcly 10 mm below the 
prostate base to expose the seminal vesicals. The 
prostate vascular pedicles are at the lateral ends of this 
incision. These are controlled with #1 Vicryl ties and 
divided until the plane between the seminal vesicals 
and the bladder is encountered. We next expose the 
medial aspects of the seminal vesicals by isolation and 
division of the ampullac of the vas deferens. Dissection 
of each seminal vesical thereafter centers on identify- 
ing, clipping, and dividing the seminal vesical arteries 
as they enter the tips and mid-lateral aspects 
(Fig. 16.2). 


Sparing the bladder neck 


We routinely favor preservation of the circular bladder 
neck musculature in patients that have not had a previ- 
ous transurethral resection of the prostate. Preservation 
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Fig. 16.2 View of prostate retracted. Denovier’s fascia is 
open, exposing the seminal vesicals prior to securing the 
lateral vascular pedicle. 


of this ‘internal sphincter’ has been demonstrated to 
promote a morc rapid return of post-operative conti- 
nence (24). The ultimate continence rates achieved with 
or without bladder neck sparing arc ultimately the 
same. 

To spare the bladder neck, retract the prostate 
upward and away from the bladder. It is easiest to ini- 
tially identify the proper plane posteriorly behind the 
seminal vesicals. Continue this plane laterally and pro- 
gressively spiral around the prostate sharply or with 
the electrocautery until the funnel of the bladder neck 
is obvious. At this point, remove the catheter and 
sharply separate the prostate from the bladder. 


Pelvic hemostasis 


Expose the pelvis by placing the bladder neck behind 
the malleable center blade. Systematically remove the 
pelvic packs and inspect the seminal vesical fossac, 
lateral pelvic vascular pedicles, cavernosal bundles, 
genito-urinary diaphragm, and DVC for bleeding. Use 
the least number of 4-0 chromic sutures and strictly 
avoid electrocautery to control bleeding from the cav- 
ernosal bundles. 


The anastomosis 


Place a 16 french Robnel urcthral catheter and apply 
perineal pressure with a sponge stick to expose the ure- 
thral stump. We use a 2-0 absorbable monofilament 
suture on a UR-6 to place four quadrant sutures at the 
2, 5, 7, and 10 o’clock position, For easy placement of 
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Fig. 16.3 Surgeon’s view of the urethra with the anastamotic 
sutures in place. 


these sutures, position yourself so that you face the 
anesthesiology screen and orient the needle driver per- 
pendicular to the floor. We prefer to pass the needle 
from within the urethral to ensure that mucosa and an 
adequate amount of urethral wall is anchored in these 
stitches. Replace the Robnel with an 18 french silastic 
30 cm? balloon catheter after placing all four sutures 
(Fig. 16.3). 

Thread a free SH ncedle on the end of each proximal 
anastamotic sutures to secure the corresponding 
bladder neck sutures. Simultaneously anchor this stitch 
in the circular bladder neck fibers and avert the bladder 
mucosa. This reliably results in strong and expeditious 
mucosa=mucosa re-anastomosis. Insert the catheter 
into the bladder neck and inflate the balloon to hold it 
in the bladder. Securely tie the anastamotic sutures and 
place a closed-suction pelvic drain (Fig. 16.4). 


Fig. 16.4 Surgeon’s view of the catheter stenting the urethro- 
vesical anastamosis prior to securing the sutures. 
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Post-operative management 
Pain control 


The replacement of narcotic-based patient-controlled 
analgesia and epidurals with ketorolac has resulted in a 
dramatic decrease in post-radical prostatectomy patient 
discomfort, length of hospitalization, and cost of care 
(27). We use ketorolac in all patients without renal 
compromise, a history of peptic ulcer disease, or sensi- 
tivity to this agent. We recommend 30 mg intra- 
venously at the time of wound closure followed by 
15 mg intravenously every 6 h for the first 48 h. 
Thereafter, we prefer 15 my of intravenous ketorolac 
or 1000 mg of acetaminophen for incisional pain over 
oral narcotics. 


Drain management 


Keep the pelvic drain in place until the output 
decreases to < 50 cm? per hour for 16 consecutive 
hours. The urethral catheter is removed on POD #14. 


Radical perineal prostatectomy 


Surgical technique 


Following appropriate evaluation and counseling for 
radical prostatectomy, the decisions regarding erectile 
nerve preservation and use of neo-adjuvant hormone 
therapy are discussed. The following description of 
radical perineal prostatectomy should be adapted to 
the specific needs of the individual patient. On the day 
prior to surgery, a mechanical bowel prep is accom- 
plished. On the morning of surgery, a 1% neomycin 
enema is administered. A pre-operative dose of a 
second-generation cephalosporin is infused intra- 
venously. Thigh-high anti-thrombotic stockings and 
pneumatic compression devices are utilized to prevent 
deep venous thrombosis. 

A spinal or general anesthetic is utilized. Epidural 
anesthesia is not necessary, as the length of surgery is 
predictable and post-operative pain is minimal. 
Following induction of anesthesia, the patient is placed 
in the lithotomy position using Allen stirrups (Allen 
Medical Systems, Bedford Heights, Ohio). A 6-inch roll 
is placed under the sacrum and the hips are further 
flexed, exposing the perineum (Fig. 16.5). 

An O’Conor-Sullivan drape (American V. Mucller, 
Chicago, Illinois) is placed such that the rectal sheath is 
in the rectum. A curved Lowsley prostatic tractor is 
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Fig. 16.5 The Allen Stirrups support the legs and a 6-inch jell 
roll elevates the sacrum to provide exposure to the perineum. 
Adequate exposure does not require that the perineum is par- 
allel to the floor. 


placed per urethra and the wings opened in the bladder. 
A curved incision is placed with the apex in the mid-per- 
ineum and the ends just anterior to the mid-anal line, 1- 
cm medial to the ischial tuberosities (Fig. 16.6). Allis 
clamps are used to securc the edge of the drape to the 
incision. The incision is carried through the central 
tendon and Scarpa’s fascia to develop the ischio-rectal 
space. Gencrous tissue is left over the intact external anal 
sphincter in developing the ischio-rectal space. Dissection 
will proceed through the fibrous condensation in the 
midline of the pelvic floor, anterior to the rectum, and 
associated with the fibrous raphe of the bulbous spongio- 
sum. The midline raphe of the bulbous spongiosum 
muscles is elevated with a forceps and the attachments of 
the fibrous raphe are divided with electrocautery until the 
recto-urethralis muscle is visualized. The levator ani 
muscles are evident just lateral to the recto-urethralis 
muscle where they converge on their rectal attachments 
(Fig. 16.7). Using the scissors, slightly opened, like a 
comb, the rectum is easily swept posteriorly away from 
the apex of the prostate. Remaining vertically oriented 
recto-urethralis fibers are cauterized. The scissors are 
spread with the tips on the prostatic apex (Fig. 16.8). The 
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Fig. 16.6 The incision apex is in the mid-perincum and the 
lateral ends arc medial to the ischial tuberosities. The incision 
remains anterior to the mid-anal line to avoid compromise of 
anal function. 


Fig. 16.7 Elevation of the midline fibrous raphe of the bulbo- 


spongiosum muscles helps identify the ‘safe-entry’ to the 


recto-urcthralis muscles. 
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Fig. 16.8 The levator ani muscles attach to the rectum with 
the recto-urcthralis muscles in the midline. The recto-ure- 
thralis muscles are vertical at the prostatic apex, but run par- 
allel to the rectum at the level of the prostate base. Care must 
be taken to dissect anterior to all recto-urcthralis fibers on the 
postcrior aspect of Denonvillier’s fascia to avoid rectal injury. 


white Denonvillier’s fascia is visualized once the recto 
urethralis muscles are divided. The dissecting finger is 
used to develop this plane and mobilize the rectum poste- 
riorly off of Denonvillier’s fascia. The rectum is also 
swept posteriorly off of the inside of the levator ani 
muscles and the levator ani arc divided to provide 
improved exposure. A sponge stick is used to sweep the 
rectum off of Denonvillier’s fascia overlying the seminal 
vesicles. A fixed retraction system, such as the Thompson 
Retractor (Thompson Surgical, Inc., Traverse City, 
Michigan) or the Bookwalter Retractor Ser (Codman and 
Shurleff, Inc., Randolph, Massachusctts) greatly facili- 
tates exposure and frees up the surgical assistant’s hands. 
A 2-inch malleable blade is used to retract the rectum 
posteriorly and two double-angled blades are placed 
antero-laterally, inside of the levators (Fig. 16.9). 

For fully potent men with unilateral, non-apical 
tumors, who desire nerve preservation, unilateral cav- 
ernosal nerve preservation is considered. In such cases, 
Denonvillier’s fascia is incised from lateral of the 
midline, over the medial aspect of the ipsilateral 
seminal vesical to the contra-lateral aspect at the apex 
near the urethra. With careful, sharp dissection, the 
fascia and associated cavernosal nerves are mobilized 
laterally off of the lateral aspect of the prostate 
(Fig. 16.10). A clear plane can be developed between 
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Fig. 16.9 The Thompson—Farley retractor is flush with the 
skin yet provides optimal exposure through the anterior tri- 
angle of the pelvic outlet. In non-nerve sparing cases, all peri- 
prostatic tissues are swept medial from the levator ani 
muscles to maximize margin control. 


Fig. 16.10 Right cavernosa] nerves invested in the layers of 
Denonvillier’s fascia are dissected carefully off of the prostate. 
Tissue lateral to the nerve bundles is not dissected. ‘The right 
retractor is to be placed gently over the padded nerve bundle. 


the prostate and the layers of Denonvillier’s fascia 
investing the cavernosal nerves. This plane is developed 
around the lateral aspect of the prostate from apex to 
the seminal vesicles. Branches of the nerves that pene- 
trate the prostate at the apex and base should be 
divided sharply to avoid injury to the nerve bundles 
being spared. The vascular pedicle at the prostate base 
should be ligated adjacent to the prostate with care to 
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avoid a traction injury to the nerve bundles. Once the 
dissection is completed, a damp sponge is used to pad a 
gentle double angled retractor to hold the nerve 
bundles out of the way of the operating field. In non- 
nerve sparing procedures, all peri-prostatic tissue is 
swept from the levators medially and left on the 
prostate to enhance tumor-free margins of resection. 
Denonvillier’s fascia and the endopelvic fascia are left 
intact overlying the posterior and lateral aspects of the 
prostate, respectively. 

Denonvillier’s fascia overlying the seminal vesicles is 
incised transversely exposing the vas and seminal vesi- 
cles. The vas is isolated, divided, and then dissected 
away from the prostate for 5-6 cm. The vas is then 
hemoclipped and divided (Fig. 16.10). This dissection 
essentially accomplishes the dissection of the medial 
aspect of the seminal vesical and the posterior bladder 
neck. The seminal vesical is grasped with a Russian 
forceps and tracted medially. Metzenbaum scissors are 
used to sweep remaining Denonvillicr’s fascia laterally, 
then the scissors are spread along the lateral aspect of 
the seminal vesical. The prostate pedicles are thus 
identified, ligated, and divided (Fig. 16.11). The 


Fig. 16.11 After opening Denonvillicr’s fascia transversely 
cephalad to the prostate base, the vas is dissected for 5 cm 
and clipped. The posterior bladder neck and medial seminal 
vesicle dissection is then complete. 


seminal vesical is then dissected to the blood vessels at 
its tip, which are hemoclipped and divided (Fig. 16.12). 
The bladder neck is swept downward with a ‘push’ to 
identify the circular smooth muscles. This plane is 
developed laterally and anteriorly revealing any 
remaining pedicle vessels, which are ligated and 
divided. The endopelvic fascia is scored with cautery 
along the bladder neck, laterally to the anterior aspect 
of the prostate to aid in separation of the bladder neck 
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Fig. 16.12 The proximal prostate pedicles are ligated and 
divided. 


Fig. 16.13 The seminal vesicle is dissected and its vessels 
clipped. 


from the prostate (Fig. 16.13). Attention is then turned 
to the prostatic apex. 

The skeletal muscles near the prostatic apex are sep- 
arated to expose the urethra distal to the apex. Onc to 
two millimeters thick of pelvic floor muscle is separated 
from the pelvic floor and left overlying the apex of the 
prostate to ensure adequate margin around the apex. 
Care is taken to avoid violating the prostate anterior to 
the urethra at the apex. The urcthra is separated from 
the prostate circumferentially by rolling a ‘push’ dissec- 
tor between the urethra and the apex of the prostate. 
The apical pedicles are divided with cautery (Fig. 
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Fig. 16.14 The posterior bladder-neck fibers arc pushed off of 
the prostate base, initiating the anatomic bladder-neck dissec- 
tion, 


16.14). The Lowsley tractor is removed and additional 
length of urethra is dissected out of the apex up to the 
veru montanum. The urethra is then divided sharply. 

Tissue anterior to the prostate is swept away from 
the pubis and the pubo-prostatic ligaments are divided 
with cautery. A ring clamp is placed on the anterior 
tissue with one ring inside the urethra to provide 
downward traction on the prostate, to expose anterior 
attachments to the bladder neck. These attachments are 
divided with cautery. Occasionally venous bleeding 
from the dorsal venous complex necessitates ligation 
with an absorbable suture. With traction on the 
prostate, the plane of dissection between the bladder 
neck and the prostate base is developed exposing the 
urethra as it enters the prostate base. The urethra is 
dissected out of the prostatic base and divided leaving a 
1-cm stump of urethra protruding from an intact 
bladder neck (Fig. 16.15). 

The operative field is irrigated and any remaining 
bleeding points controlled prior to starting the anasto- 
mosis, The urethral ends are anatomized with 3-0 
chromic suture, by placing the anterior sutures first and 
working around to the posterior aspect (Fig. 16.16). 
Once the anastomosis is complete (about 8 sutures), 
the urethra is injected with sterile saline retrograde 
from the meatus and the anastomosis is distended to 
identify any leaks needing an additional suture. An 18F 
catheter is then passed into the bladder and the bladder 
irrigated free of any clots. 

In men with prior transurethral prostatectomy, very 
large glands, or cancer near the bladder neck, bladder 
neck preservation is not intended. In this situation, the 
bladder is entered anteriorly after dividing the pubo- 
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Fig. 16.15 The urethra is dissected from the peri-apical 
tissues. Using a ‘peanut’ dissector, the urethra is dissected out 
of the apex of the prostate up to the veru montanum. 


Fig. 16.16 With downward traction, the bladder is anatomi- 
cally dissected off from the prostate. The proximal prostatic 
urethra is dissected out of the base of the prostate. The ‘end- 
to-end’ urethro-urethrostomy is accomplished. Nore that the 
bladder neck is intact and the anastomotic sutures do not 
incorporate bladder-neck fibers. In cases where the urcthra is 
thin and delicate, the anastomotic sutures incorporate some 
bladder-neck muscle fibers. 
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prostatic ligaments. The bladder neck is excised off 
from the prostate taking care to keep safe distance 
from the urcteral orifices. The bladder neck is then 
tailored to a snug 18F opening without necessarily 
averting the urothelium. The anastomosis is then 
accomplished in a similar manner being sure to include 
urothelium in each anastomotic suture. The ‘tennis 
racquet’ closure of the bladder neck is reinforced with 
another layer. 

The retractors are removed. The rectum is inspected 
for injury or thin areas and, if present, are repaired or 
reinforced, respectively. The levator ani muscles are 
re-approximated in the midline with a penrose 
drain overlying the rectum. The central tendon is 
re-approximated. The subcutaneous tissues are closed 
and the skin is closed with a subcuticular stitch on the 
right side and onc on the left (Fig. 16,17). 

A Belladonna and opiate suppository is placed per 
rectum. The catheter is taped without tension to the 
lower abdomen and the patient taken to recovery. 
Ambulation and dict are advanced on the day of 
surgery. The penrose drain is removed prior to dis- 
charge on the morning post-operative day one. The 
catheter is removed 10 days later for intact bladder- 
neck cases and 17 days later for ‘tennis racquet’ 
bladder-neck closure cases. Activities, except bicycle 
riding, are unrestricted when the catheter is removed. 

Using the above description, over the past 6 ycars a 
single surgeon’s (MJH) experience in 340 cases is 


Fig. 16.17 A subcuticular suture completes the closure. Each 
side is closed separately to prevent contraction across the 
midline of the perineum. 
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reviewcd. Transfusions are utilized 1% of the time and 
all in the first 140 cases. No transfusions have been 
administered in the recent 200 cases. Surgery time is 
typically 90 min for non-nerve sparing cases and 120 
min for nerve sparing cases (range 54-165 min). 
Patients arc home on post-operative day one, nearly 
every case. While 40% of cases have extra-capsular 
disease, positive margins are seen 19% of cases without 
seminal vesicle invasion. The majority of margin-posi- 
tive cases have focal (< 2 mm?) margin positivity. After 
the catheter is removed, 32% of patients are free of 
pad-use within the first week. By the first month, 
second month, fourth month, and one year, 55%, 
74%, 87%, and 94% of patients, respectively, are free 
of pad-usage. Most remaining men use one pad daily 
for minimal stress incontinence. Two men have been 
treated with artificial sphincter implantation and cight 
men have been treated with 1-5 collagen implants. 
Distal urethral strictures and anastomotic strictures 
have occurred in 2% each. One patient developed a 
recurrent urethro-cutaneous fistula, which required 
excision and Gracilis muscle interposition flap. He is 
continent and cancer-free 5 years post-operation. One 
man has experienced anal incompetence, while 4% 
note fecal urgency or poor control of flatus. 

In conclusion, radical prostatectomy (either retropu- 
bic or perincal) provide an efficient therapeutic modal- 
ity for the management of localized prostate cancer. 
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Introduction 


Prostate cancer detection has increased by an estimated 
30 000-50 000 cases per year in the USA as a result of 
biochemical testing using prostate-specific antigen 
(PSA) (1), so that prostate cancer (CAP) is now the 
most commonly diagnosed male malignancy in North 
America. In Europe and the UK, the uptake of PSA 
testing has becn slower, Schroder suggesting that 20% 
of European men undergo regular PSA testing com- 
pared to 70% in the USA (2). The figure in the UK is 
probably much lower and is reflected in the ratio of 
prostate cancer incidence to mortality in the UK 
(12 496 cases diagnosed in 1988; 9629 deaths in 1992) 
compared with the USA (projected incidence in 1994, 
200 000 cases; 35 000 deaths in 1990) (3, 4). The con- 
siderable majority of the ‘newly’ diagnosed cancers are 
of early stage and potentially curable. In the UK, a 
rapidly increasing rate of CAP diagnosis over the next 
5-10 years, and a corresponding demand for poten- 
tially curative treatment options, should be anticipated. 
In both the UK and North America, radical radiother- 
apy has been the most commonly used curative modal- 
ity (5), although the proportion of men in the USA 
(particularly those aged 70 years or less) undergoing 
radical prostatectomy has risen rapidly (6). The increase 
in diagnosis of CAP has substantial implications for the 
provision of services to deliver radiotherapy or perform 
prostatectomy; for example, the demand for radiation 
treatment has increased by 3- to 4-fold in some centers 
(7, 8) and there is, therefore, an increasing urgency to 
determine the optimal selection of patients for radical 
local trearment and to decide on the most effective and 
appropriate radiation therapy techniques. 

The seminal paper by Chodak and colleagues (9) 
reporting the results of ‘watch and wait? management 
of T1/2 CAP has shown that tumor grade is of over- 
riding importance in determining outcome. Cause- 


specific mortality was only 13% at 10 years for grades 
1 or 2 tumors compared to 66% in men with grade 3 
cancers. Metastases occurred in 19%, 42%, and 74% 
of patients with grade 1, 2, or 3 cancers, respectively, 
10 years after diagnosis, clearly demonstrating the pro- 
gressive nature of the disease in men with a reasonable 
life-expectancy. A retrospective analysis by Schroder 
and Chodak (data presented at British Prostate Group 
Symposium 1996), studied 2558 men treated with total 
prostatectomy compared with 815 men managed with 
a ‘watch and wait’ policy. For those patients with high- 
grade, localized tumors, surgical treatment gave a 
78%, 10-year survival compared to 34% for men 
treated by watch and wait policy (P = 0.004). On mul- 
tivariate analysis, expectant management predicted for 
poor survival. Such data needs confirmation from 
prospective randomized studies. Patient recruitment 
continues in Sweden and North America, although 
unfortunately in the UK the Medical Research Council 
study comparing radiotherapy with prostatectomy or 
expectant management has failed because of poor 
recruitment. 


Results of external-beam radio- 
therapy treatment for localized 
prostate cancer 


The long-term results of external-beam radiothcrapy 
for CAP derived from reports from the Patterns of Care 
Surveys, RTOG studies, and large single-institute series 
(5, 10-14) are shown in Table 17.1. Results from the 
Royal Marsden NHS Trust in 388 clinically staged 
patients treated between 1970 and 1989 showed 
broadly similar results with 5-10-year actuarial local 
control rates of 88(77%) for T1, 80(65%) for T2, and 
74(68%) for T3 cancers. It should be noted that these 
series do not contain patients who have had pathologi- 
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Table 17.1 
RTOG studies, and large single-institucte series 


Prostate cancer 


External-beam radiotherapy for carcinoma of the prostate: long-term results from Patterns of Care Surveys, 


Local recurrence 


Evidence of disease 


Overall survival (%) 


survivial (%) 


No. Syears 10years 15years Syears 10years IS years Syears 10years 15 years 
TINx 583 3-6 4-8 17 84-85 52-68 39 83-95 52-76 41—46 
T2Nx 1117 12-14 17-29 32-35 66-90 27-85 15-42 74-78 43~70 22-36 
T3Nx 2292 12-26 19-31 25-56 32—60 14-46 17-40 56-72 32-42 23-27 


Ref. nos: 17, 11, 12, 14. 


cal lymph nodc staging and, as might be expected, the 
11-year cause-specific mortality in 104 patients with 
TIB-T2 NO surgically staged disease treated in RTOG 
trial 7706 was 90%, and 87% of patients were clini- 
cally free of local recurrence (15). The survival in this 
group of patients exceeded that of an aged-matched 
control population, and in general, for patients with 
T1 and T2A disease, overall results are generally 
similar to those reported after radical prostatectomy 
(16). 

It is clear from these studies that results for more 
advanced T2C, T3—4 tumors have been less favorable. 
Survival of these patients is affected by the presence of 
undiagnosed metastatic disease, and understaging of 
pelvic lymph nodes at the time of initial treatment. 
Additionally, however, a general finding is that large 
tumors have poorcr local control, failure rates rising 
from 25% for tumors palpably less than 25 cm? to 
more than 50% for tumors with a product of their 
diameter with greater than 25 cm? (17). Most local 
recurrences are detected by digital rectal examination 
(DRE) and the true rate determined by post-radiation 
biopsy is probably higher. There is general agreement 
that a positive biopsy 24 months after radiotherapy 
indicates persisting disease (18). The reported rates of 
positive biopsy specimens vary considerably and the 
true incidence of positive biopsy results in patients with 
norma! DRE is uncertain (19). Reported incidence of 
positive biopsy vary from 18% to 45% post-treatment 
and increases with disease bulk from 15% for men 
with B1 disease (< 1.5 cm nodule) to 68-79% for men 
with bulky stage B or C cancer (20, 21). 


Prostate-specific antigen (PSA) and 
external-beam radiotherapy 


It is becoming clear that PSA estimation both before 
and after irradiation can give useful information to 


guide prognosis and sclection of patients for treatment, 
as well as being a very sensitive indicator of disease 
recurrence. Hanks and colleagues (22) studied 110 
patients with T1-3 CAP with a mean follow-up of 12.6 
years and found long-term biochemical control of 72% 
for T1 cancers, 54% for T2A cancers falling to 22% 
and 28% for bulkier T2 and T3 cancers, respectively. 
A favorable outcome was also scen in patients with 
cancers that had a low Gleason score, who had a 75% 
rate of biochemical control compared to only 18% for 
Gleason sum 7, and 0% for Gleason sum 8 or 9. It has 
also been shown that pretreatment PSA levels are of 
critical importance (23-25). For example, Hanks and 
colleagues (25) found that of 120 patients with PSA 
more than 20 ng/ml at presentation, only 28% 
remained biochemically free of progressive discase at 4 
years, although 81% still had no cvidence of distant 
metastases. The nadir level of PSA following radiother- 
apy also appears to be a powerful predictor of 
outcome, although it remains uncertain as to whether 
1.0 ng/ml or 0.5 ng/ml gives optimal discrimination 
(26, 27). Groups from Harvard and DeKalb have sug- 
gested that it is important to achieve nadir values of 
0.5 ng/ml. Zietman and colleagues (23) showed that 
63% of 314 men with T1-2 NxMO carcinomas were 
free of biochemical progression after radical radiother- 
apy at 5 years. If the PSA nadir was 0.5 ng/ml or less, 
then biochemical recurrence free rate was 90% com- 
pared to 46% if the PSA nadir was higher. The likeli- 
hood of reaching a PSA nadir was clearly related to 
initial PSA but not to Gleason score. Critz and col- 
leagues (28), using a combination of external-beam 
radiotherapy and interstitial treatment, described a 
group of 536 patients with T1, T2 NO cancers; 80% 
achieved a nadir of 0.5 ng/ml or less, and $- and 10- 
year biochemical disease-free survival rates were 95 
and 84%, respectively, compared with 29% at 5 years 
for those with a higher nadir level; all patients with a 
nadir of more than 1.0 ng/ml ultimately failed. 
Presenting levels of PSA may be uscful in determining 
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which patients are most suitable for treatment using 
dose-escalation techniques. For example, Hanks and 
colleagues (25) analyzed 375 consecutive patients 
treated with conformal radiotherapy techniques. 
Dividing patients into those who received above or 
below 71 Gy showed an advantage in biochemical 
disease-free recurrence for those patients presenting 
with PSA levels more than 10 and 20 ng/ml, but not for 
those with PSA levels below 10 ng/ml at the time of 
presentation. In the future, PSA levels in combination 
with clinical staging and Gleason score will be used to 
stratify patients for appropriate treatment and PSA will 
be valuable as a proxy endpoint in studies looking at 
different treatment combinations and radiotherapy 
techniques. 


The importance of local tumor 
control 


Long-term clinically judged local tumor control is good 
for patients with stage T1 cancers (83% at 15 years) 
but becomes increasingly less secure with increasing T 
stage, falling to 65-68% for T2 and 44-75% for T3 
cancers (Table 17.1). As above, prostate biopsy may 
show higher rates of recurrence than can be detected 
clinically and biochemical (PSA) failure rates are cer- 
tainly significantly higher (24). Review of Royal 
Marsden Hospital patients showed 57% metastasis- 
free survival at 5 years in patients with clinically 
assessed locally controlled disease, compared to 26% 
of patients with local recurrence (P < 0.01), and local 
control remained highly significant (P < 0.001), when 
included as a time-dependent variable in a multivariate 
analysis of outcome (survival and development of 
metastases). These findings are in accordance with 
other series, which have documented distant metastases 
developing in 19-41% of patients with stages A-C 
disease and local control of discase compared with 
57-83% for patients who have developed local failure 
(16). Local failure has been reported to be the most 
important determinant on multivariate analysis in pre- 
dicting the development of metastatic disease for all 
stages of disease (29). Additionally, this study demon- 
strated that distant metastases developed, on average, 
later in patients with local failure than in those patients 
who had local control of disease, strongly suggesting 
that local failure itself was an important determinant of 
outcome. Using Monte Carlo simulation techniques, 
Yorke and colleagues (30) estimated that 50% of the 
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metastases in patients with local recurrence were due to 
local treatment failure. 


Complications after radiotherapy 


Radiation-induced complications are-dose limiting and 
current ‘standard’ radiotherapy doses and fractionation 
schedules have been derived from years of clinica! 
experience to give acceptable morbidity. Acute side- 
effects from radiotherapy to the pelvis include proctitis 
causing rectal discomfort and diarrhea, cystitis produc- 
ing dysuria and frequency of micturition, and occa- 
sional skin reactions. Reported incidence ranges from 
70% to 90% for mild, 20-45% for moderate, and 
1—4% for severe or prolonged reactions (31-33). Such 
side-cffects depend upon the volume of tissue treated 
(pelvis or prostate only) (34) and also relate to treat- 
ment technique. Acute side-effects are expected to settle 
within 4-6 weeks of completing radiotherapy treat- 
ment. Late complications may develop months or years 
after treatment and are potentially of more concern. 
Late gastro-intestinal side-effects include persistent 
rectal discharge, tenesmus, rectal bleeding, and rectal 
stricture. Major late genito-urinary complications 
include chronic cystitis, bladder ulcers, urinary inconti- 
nence, urethral stricture, and impotence. 

Results from over 1000 paticnts treated in recent 
single-institute serics suggest an overall moderate com- 
plication rate of 16-19%, with severe complications 
requiring surgical correction in 1-3% of patients (12, 
35, 36). The Patterns of Care study group has defined 
major complications as those requiring hospital admis- 
sion for investigation or management. Of 619 patients 
treated, 4.5% had such complications (gastro-intestinal 
2.6%, urological 1.8%) and complications were related 
to treatment technique, being higher in patients treated 
with only anterior/posterior radiation fields or in 
whom only one radiation field was treated each day. 
Doses above 70 Gy were also associated with increased 
complications (37). These series were updated with a 
10-ycar follow-up (38); at that time, 2% of patients 
had needed surgical correction of complications, a 
further 2% had had a major complication not requir- 
ing surgery, and two patients had died from treatment- 
related side-effects. The actuarial 5- and 10-ycar 
complication-free rates were 93% and 86%, respec- 
tively. A further serics of 313 with stage T1 tumors had 
a similar complication rate, with less than 2% requir- 
ing surgical correction. An increase in the overall com- 
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plication rate from 6% to 11% was noted for patients 
treated with doses below and above 65 Gy, respectively 
(39). The remaining complication is of importance, 
which has been estimated to occur in 30-40% of 
treated patients, usually developing during the 6 
months after treatment (40). In a recent randomized 
study by the RTOG (41), 76% of men who were sexu- 
ally potent before treatment reported return of sexual 
function. In a report of conformal radiotherapy (42), 
62% of men reported return of sexual function. 
‘Quality-of-Life’ questionnaires may lead to a higher 
estimate of sexual dysfunction (43), although this may 
be little different from an aged matched control 
population (44). 


Methods to improve the results of 
radiotherapy 


As described above, the local control of CAP becomes 
increasingly uncertain with increasing tumor stage and 
tumor bulk. Potential methods to improve results are 
shown in Table 17.2. The devclopment of late radia- 


Table 17.2 Methods to improve local control with 
radiotherapy in carcinoma of the prostate 


Increased radiation dose Conformal radiotherapy 


Interstitial irradiation 


Particle-beam radiotherapy Protons 
Neutrons 

Combined modality Neoadjuvant 

treatment with Adjuvant 


androgen deprivation 
Combined modality 
treatment with total 
prostatectomy 


Prostate cancer 


tion side-effects (most notably radiation induced proc- 
titis) has limited the total dose of irradiation that can 
be given using standard techniques to approximately 
70 Gy. A retrospective revicw of 1348 men with stage 
B or C prostate cancer showed an actuarial 5-year local 
recurrence rate for stage B disease of 29% for doses 
under 60 Gy, decreasing to 18% and 12% for doses up 
to 64 Gy and 70 Gy, respectively (45). Conformal 
radiotherapy techniques are now available, which 
closely confine the high-dose irradiation volume to the 
prostate (+ seminal vesicles) and these techniques have 
allowed exploration of high-dose therapy. Preliminary 
results showed that late radiation-induced side-effects 
can be relatively modest. Two series from the 
Memorial Sloan Kettering Cancer Center and Fox 
Chase Cancer Center have strongly suggested that bio- 
chemical control rates are significantly improved for 
patients with presenting PSA levels over 10 ng/ml or 
other unfavorable features (Table 17.3) (46, 47). Dose 
escalation, therefore, seems justified. However, as dis- 
cussed above, radiotherapy-induced side-effects restrict 
attempts to increase the delivered radiation dose above 
70 Gy using conventional photon irradiation, rectal 
bleeding increasing from 12% to 20% (48). There is 
little clinical data concerning volume/complication rela- 
tionships for either rectum or bladder, but there 
is an expectation of decreased side-effects using 
either conformal-radiotherapy or interstitial-treatment 
approaches. The calculation of dosc-volume histogram 
(DVH) and normal tissue complication probability 
(NTCP) (49, 50) will eventually permit refinement of 
mathematical models of radiation toxicity, and it is 
essential that clinical and physics data are collected 
prospectively. One such study (51), including 41 
patients, has suggested that there is a dosc-volume 
relationship for rectal bleeding. A high probability of 
complications ranged contiguously between 60 CGE 


Table 17.3 Effect of radiation dose on biochemical (PSA) control (5-year actuarial results) 


Memorial Sloan Kettering Cancer Center 


Fox Chase Cancer Center 


Dose (Gy) Dose (Gy) 
64.8/70.2 75.6/81 70 76 
No. No. 
167 85%* 95% * P=0.5 PSA < 10 96 82% 84% P=0.9 
269 54% * 79% * P=0.04 PSA 10-19 70 35% 75% P = 0.02 
307 20%" 53%" P = 0.03 PSA > 20 66 10% 32% P = 0.02 


* Unfavorable factors PSA > 10, Stage 2 T3, Gleason > 7. * Figures extrapolated from graphical data. 


Zelefsky et al. and Hanks et al. (46, 47). 
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(Cobalt Grey Equivalent) to 70% of the anterior rectal 
wall and 75 CGF to 30%. A further complicating 
factor is thar inherent radiosensitivity may vary 
between patients (52-54) and tests to detect sensitive 
patient populations would be most helpful in deselect- 
ing patients from radical radiotherapy treatments par- 
ticularly using dose escalation techniques. 


Conformal radiotherapy 


Prostate cancer has become the focus of attention for 
conformal radiotherapy, particularly in the USA. 
Accurate patient positioning, computed tomography 
(CT) planning with 3-dimensional reconstruction of 
volumes of interest, clear definition of treatment 
margins, and meticulous verification procedures of the 
shaped fields produced by customized shaped blocks or 
multi-leaf collimation (MLC), are necessary compo- 
nents of this approach (5, 55). Multiple planar and 
complex non-coplanar beam operations have been 
designed (56, 57), although any clear advantages over 
more simple arrangements, particularly with morc 
moderate degrees of dose escalation, are not over- 
whelming (58-61). The amount of normal tissue 
treated to the 90% isodose may be reduced by 42%, 
with 46% and 41% reductions in the volumes of 
bowel and bladder, respectively (62). In the UK, the 
Institute of Cancer Rescarch and the Royal Marsden 
NHS Trust (ICR/RMNHST) recruited men with 
prostate cancer for treatment with a standard dose of 
64 Gy in daily 2-Gy fractions (63). The men were ran- 
domly assigned conforma! or conventional radiother- 
apy treatment. The primary endpoint was the 
development of late radiation complications (> 3 
months after treatment) measured with the Radiation 
Therapy and Oncology Group (RTOG) score. 
Indicators of disease (cancer) control were also 
recorded. 

In the 225 men treated, significantly fewer men 
devcloped radiation-induced proctitis and bleeding in 
the conformal group than in the conventional group 
(37% vs. 56% > RTOG grade 1, P = 0.004; 5% vs. 
15% > RTOG grade 2, P = 0.01). There were no differ- 
ences between groups in bladder function after treat- 
ment (53% vs. 59% >grade 1, P = 0.34; 20% vs. 23% 
> grade 2, P = 0.61). After median follow-up of 3-6 
years, there was no significant difference between 
groups in local tumor control (conformal 78% (95% 
CI 66-86), conventional 83% (64—-90)). 
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Dose-escalation studics have been reported by three 
North American groups (57, 64, 65). Using meticulous 
planning and immobilization techniques, does of 75 Gy 
have been well tolerated (albeit with a rclatively short 
follow-up) and, currently, doses in excess of 80 Gy are 
being delivered. Further National Cancer Institute 
sponsored dose-escalation trials are under way, com- 
paring doses of 68.4 Gy, 73.8 Gy, and 79.8 Gy, in a 
multicenter Phase If study. The ICR/RMNHST com- 
menced a randomized study comparing 74 Gy with 64 
Gy in conjunction with the use of neoadjuvant andro- 
gen deprivation (8) and recently the Medical Research 
Council Radiotherapy Working Party has adopted this 
study nationally. 


Combined modality treatment 
using androgen deprivation and 
radiotherapy 


Neoadjuvant androgen deprivation offers potential 
advantages in two ways (Fig. 17.1). First, combined 
modality treatment may lead to increased tumor-cell 
kill. This mechanism may depend on synergistic 
enhancement in cell death by apoptosis induced by 
both treatment modalities (66), and hence to the 


increased cell kill 


with irradiation 


Improved local 
tumour control 


Prostate shrinkage and reduced 
target and treatment volume 


Normal tissue (rectum/bladder) 


sparing 


Increased dose 
(conformal RT) 


Reduction in 
metastases 


Reduced AT-induced 
complications 


Improved 
survival 


Fig. 17.1 Potential advantages of neoadjuvant hormone treat- 
ment in combination with radiotherapy (RT). 
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improvements in local control. Second, initial shrink- 
age of the prostate and prostate cancer can lead to a 
beneficial modification of radiation treatment volume. 
Reducing the radiation target volume may favorably 
affect the therapeutic ratio, either by reducing radiation 
sequeal for a standard radiation dose or by permitting 
dose escalation (using conformal radiation techniques), 
which should increase tumor control probability 
whilst maintaining acceptable level of radiation 
complications. 


Reduction of prostate and 
radiation volumes 


A series of 22 patients at the Royal Marsden NHS 
Trust were intensively studied during the course of a 
3-6-month period of androgen deprivation using a 
LHRH agonist prior to the commencement of radio- 
therapy. Monthly ultrasound examinations were made 
(67) during androgen deprivation and prostate volume 
reduced by approximately 50%. The median volume 
pretreatment of 66 ml (range 40-130 ml) reduced to 30 
ml (range 30-47 ml) after a median of 17 weeks 
therapy. The majority of patients had stabilized 
prostate volumes (within 10% of previous estimate) by 
week 13, although patients with large prostates took 
up to 6 months to obtain maximum response defined in 
this way. It was notable how the majority of patients 
had significant improvement in symptoms of urinary 
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outflow obstruction prior to radiotherapy. Planning 
CT scans were taken before and after the hormonal 
treatment. Results were correlated with ultrasound 
findings (68). Radiotherapy planning was performed 
using both conventional and conforma! techniques to 
treat the target volume (prostate + seminal vesicles) 
with a 1-cm margin. Results of this analysis are shown 
in Table 17.4, which demonstrates how androgen 
deprivation has a complimentary effect to conformal 
techniques in reducing the volumes of normal tissues 
treated by radiotherapy. Using both initial androgen 
deprivation and conformal irradiation techniques, 
decreased the volume of rectum treated to the 90% 
isodose by 59%, with a similar 58% reduction in 
volume of bladder irradiated with an overall 71% 
reduction in radiation target volume. Similar findings 
have been reported by other centers. In a study from 
the Memorial Sloan Kettering Cancer Center on 22 
patients with bulky prostate cancers, neoadjuvant 
hormone therapy reduced the target volume by a mean 
of 25% with a reduction of 25% in volume of rectum 
and 50% in volumes of bladder treated (69). Similarly, 
Forman and colleagues reported an average of 37% 
reduction in prostate volume after 3 months of hor- 
monal therapy with 23% reduction of the volume of 
rectum and 21% reduction of the volume of bladder 
receiving 64 Gy (70). Recently, work in our hospital 
has looked at changes in MRI characteristics of local- 
ized prostate cancer before and after neoadjuvant 
androgen depravation. In 55 patients with visible 
tumors, 14 completely disappearcd after hormonal 


Table 17.4 Modification of radiation treatment volume by neoadjuvant androgen deprivation and conformal radiotherapy 


Prostate volume (cm?) 


Radiotherapy target 
volume (cm*) 


Bladder volume (cm?) 
(90% isodose) 


Rectal volume (cm?) 
(90% isoduse) 


(90% isodose) 


TRUS CT CONV* CONF! CONV* CONF! = CONV* CONF! 
Pre-androgen 
deprivation 70 84 616 280 68 36 114 73 
(40-131) (29-200) 
Post-androgen 
deprivation 33 47 363 176 53 28 65 48 
(11-100) (14-107) 
% Reduction in volume by: 
Androgen deprivation 53% 44% 41% 22% 43% 
Conformal RT - - 54% 47% 36% 
Both - - 71% 59% 58% 


* Coventional and tconformal radiation planning methods. A 1-cm margin was given around the target tissues — prostate + 


seminal vesicles. 
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Prostate glandular volume (ml) 


After treatment 


Before treatment 


Fig. 17.2 Prostate glandular volume change with neoadjuvant 
hormone deprivation treatment in 55 patients. 


treatment and overall tumor volume decreased by 65% 
(95% CI 55-76) (Fig. 17.2). Dynamic-contrast 
enhanced image acquisition after bolus injection of 
God-EDTA showed significant reduction in capillary 
permeability in all patients. These reductions in tumor 
volume, vascular permeability suggest an alternative 
means of monitoring tumor response to NAAD (71). 


Clinical trials of neoadjuvant 
hormonal treatment and 
radiotherapy 


Three phase IH trials have now reported the results of 
comparisons of radiotherapy with or without neoadju- 
vant androgen deprivation. The first and largest under- 
taken by the Radiotherapy and Oncology Group 
(RTOG) randomized 471 patients with large primary 
tumors (T2 to T4) and no evidence of distant metas- 
tases to receive goserclin 3.6 mg every 4 weeks and flu- 
tamide 250 mg, three times daily for 2 months before 
radiation therapy and during irradiation treatment 
(Group I) or radiation therapy alone (Group II). 
Median follow-up for patients who were treated 
between 1987 and 1991 is now 6 years, and the most 
recent reported results have continued to show highly 
significant benefits in 5-year rates of local disease 
control (Group 1 75%, Group II 64% P = 0.002), 
freedom from distance metastases (Group I 71%, 
Group II 61% P = 0.3), and no evidence of disease 
including PSA failure (Group I 39%, Group II 20% P < 
0.0001). Improvements in these endpoints has been 
maintained after 8-years follow-up and for the first 
time survival in Groups I (51%) may be showing some 


249 


indication of improvement compared to Group H 
(42%), although this result does not yet reach statisti- 
cal significance (P = 0.2) (72). A similar small study by 
the Canadian Urologic Oncology Group has recently 
reported preliminary results. A total of 208 patients 
with stage B2 to C prostate cancer were randomly allo- 
cated to a 12-weeks neoadjuvant course of cyproterone 
acetate followed by radiotherapy (Group J) or radio- 
therapy alone (Group II). Time to reach PSA nadir was 
shorter in the combined modality group (P = 0.007) 
and the average nadir was lower (P = 0.003). Over the 
study period, more patients in the combined group 
remained free of clinical (71% vs. 49% P = 0.02) or 
biochemical (47% vs. 22% P=0.001) recurrence. 
Additionally, at 18 months there was a significant 
improvement in the number of patients who had ncga- 
tive biopsies (73). Finally, a small three-arm random- 
ized study has been reported by a Qucbec Group (74). 
Between 1991 and 1994, 120 patients were random- 
ized to receive radiothcrapy alonc, radiothcrapy with 
an initial 3-month course of ncoadjuvant maximum 
androgen blockade, or additionally to continue 
maximum androgen blockade for a total of 11 months. 
Two-year biopsy results have been reported showing 
residual cancer in 65%, 28%, and 5% of these three 
groups, respectively. Testosterone levels were not 
reported at time of biopsies and the results in the third 
group may have been confounded by continued andro- 
gen suppression. Nevertheless, these clinical studies 
taken together offer strong support for the contention 
that initial androgen deprivation improves the local 
control that can be achieved with external-beam irradi- 
ation alone. Non-randomized studies of experimental 
radiotherapy approaches have also produced similar 
results. For example, in a trial of dose-cscalation and 
conformal radiotherapy 10% (3 out of 31) of patients 
had positive biopsies, if initial hormone therapy was 
given compared to 46% (48 out of 105), if radiation 
alone was used (46), and in a protocol using hyperfrac- 
tionated radiotherapy, the incidence of positive biop- 
sics was 50% (9 out of 18) without hormone treatment 
compared to 0% (0 out of 23) when initial androgen 
deprivation was use (75). Our own results in over 450 
patients treated with combined modality therapy have 
given comparable results to the randomized studies 
and, in particular, in a sequential series of 45 patients 
in 2 years, biopsies have been negative in 80-90% of 
paticnts, depending upon initial presenting features. A 
potential disadvantage of even short-course androgen 
deprivation is that impotence is produced, at least 
during the time of androgen deprivation, in the major- 
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Table 17.5 Testosterone levels before and after neoadjuvant androgen deprivation using |. HRHa 
No. Testosterone (nmol/l) LH (IU/L)** 
Median Range No. < 10 nmol/l Median Range 
Pre-LHRHa tercatment* 115 16 5-39 3 5 (1-27) 
> 6 months after last LHRIIa treatment 115 16 1-45 13 10 (1-41) 
P=0.18 P < 0.0001 


* 3-6 Months treatment with monthly depot preparations of goserelin or leuprorclin. 


** Luteinizing Hormone (IU/L) 


ity of patients. We have studicd a group of 115 patients 
and demonstrated that testosterone levels recover to 
pretreatment levels in the considcrable majority of men 
within 6-9 months, although luteinising hormone (LH) 
levels remain elevated in the majority. A small propor- 
tion of men (under 10%) with initially normal testos- 
terone levels remain with subnormal values (< 10 ng/l) 
post-treatment (Table 17.5). Despite recovery of 
hormone levels, the rate of impotence may be higher 
after combined modality treatment, and among 159 
patients who received initial androgen suppression, the 
2-year actuarial incidence of impotence was 43% com- 
pared with 27%, for 385 patients treated with radia- 
tion alone (P < 0.001) (46), Recovery of sexual ability 
after a period of androgen suppression may be more 
difficult than maintenance of potency when treatment 
is given using radiotherapy alone (Fig. 17.3). 


Animal models in neoadjuvant 
androgen deprivation and 
radiotherapy 


Laboratory research on combined modality treatment 
has been hampered by a lack of readily available exper- 
imental models. Two groups, however, have made 
interesting contributions. Zietman and colleagues at 
the Massachusetts General Hospital have explored the 
combination of androgen deprivation and radiotherapy 
using a transplantable androgen-depended Shionogi 
adenocarcinoma in athymic nude mice (76). When 
orchiectomy was performed 12 days prior to radiation 
(neoadjuvant therapy), there was a significant decline 
in the TCD50 (dose that controls 50% of tumors). 
TCD50 reduced from 86 Gy to 43 Gy comparing 
radiotherapy alone, and neoadjuvant orchiectomy and 
radiotherapy. Interestingly, however, orchiectomy per- 
formed 1-12 days after irradiation (adjuvant therapy) 
had a much smaller effect (TCD50 of 69 Gy and 75 
Gy, respectively). Experiments by researchers at the 


MD Anderson (77), using the Dunning R3327-G rat 
prostate tumor, have also demonstrated a supra-addi- 
tive interaction between androgen ablation and radio- 
therapy. This occurred when androgen ablation 
preceded radiotherapy by 3 days, when the apoptotic 
index increased 5- to 10-fold compared to controls, but 
no supra-additive effect was seen when androgen abla- 
tion was commenccd at the same time as irradiation. 
These studies suggest that the timing and sequencing of 
combined hormonal and radiotherapy treatments may 
be critical to obtain optimal results. 


The role of radiotherapy in 
pathological T3 disease 


Pathological analysis of total prostatectomy specimens 
in stage T2 cancer shows pT3 disease in 30-50% of 
cases (78-80). Retrospective review of the literature 
has suggested that local recurrence occurred in 23% of 
patients treated without post-operative radiotherapy 
compared to 3% with irradiation (81). Subsequent 
reports have supported the idea that immediate adju- 
vant radiothcrapy reduces the instant of local 
recurrence (82-84) and following post-operative radio- 
therapy recurrence rates have been shown to be 5% or 
less (83, 85-87). If radiotherapy is delayed until after 
evidence of local recurrence, higher radiation doses are 
required and treatment morbidity may be greater for 
less certain local control (70%) (87). A recent report 
on 46 patients with PSA relapse alone showed bio- 
chemical disease control (PSA < 0.3 ng/ml) in 59% of 
patients, with actuarial freedom from recurrence of 
50% at 5 years (88). It has been suggested that radia- 
tion therapy improves long-term outcome by control- 
ling loco-regional disease (84, 89-91). A recent report 
(92, 93) of 288 patients managed the Mayo Clinic 
showed a significant improvement in biochemical 
disease control (PSA < 0.3 ng/ml) in those patients 
given post-operative radiotherapy, but (as yet) no dif- 
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(b) 


{d} 


Fig. 17.3 T2-weighted MR image of a 51-year-old man with prostate cancer (T3B N1 MO, presenting PSA = 22 ng/ml, Gleason 
score 5) before treatment: (a) a large tumor is visible in the right peripheral zonc. (b) Permeability map in the same patient 
before treatment: high capillary permeability is seen in the left side of the tumor and in the central gland compared to the 
peripheral zonc (maximum permeability depicted 1/min). (c) T2-weighted image of the same patient after 3 months of hormone 
deprivation (PSA = 1 ng/ml): the gland and the tumor are smaller. (d) Permeability map after treatment: there is a marked reduc- 
tion in the capillary permeability of all tissues, particularly the rumor. 


ference in the distant failure rate at 5 years, of 8% vs. 
10% (P = 0.09). It cannot, therefore, be assumed that 
improved local disease control will necessarily translate 
into therapeutic gain, and post-operative radiotherapy 
runs the risk of producing an increase in side-effects 
from the combined-modality approach. It is, therefore, 
appropriate that randomized studies are undertaken to 
define clearly the role of post-operative radiotherapy in 
pT3 disease. Recently there have been two such studies. 
In RTOG Protocol 91-19, patients with pT3 disease 
(capsular invasion, positive margins, positive seminal 
vesicles) were randomized to immediate radiotherapy 
(60-64 Gy) or observation. The EORTC Protocol 


No.22911, which is still in progress, randomizes 
similar patients between radiotherapy (60 Gy) and 
observation, and aims to recruit a total of 700 patients. 
Results from these comprehensive studies should guide 
selection of patients for such treatment. 


Conclusion 


In prostate cancer, as for cancer arising at other sites, 
radiotherapy alone is capable of sterilizing the primary 
tumor, and can improve loco-regional control in con- 
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junction with radical surgery. However, assessment of 
the real value of radical treatment to the patient is 
made difficult because of the long natural history of 
disease in many patients and the competing causes of 
death. The rapid increase in diagnosis of localized car- 
cinoma of the prostate, due to increased public aware- 
ness and PSA testing, highlights the requirement for 
improving patient selection and minimizing treatment 
related side-effects. 

Local control may be improved by increasing tumor 
dose by a variety of methods including ‘conformal’ 
radiotherapy, or interstitial treatment. Late damage to 
rectum and bladder/urcthra limits dose escalation, and 
high degrees of technical skill are required if these 
approaches are to be safely implemented. 

Neoadjuvant androgen deprivation has been shown 
to be complementary to radiotherapy and improves 
local control without significant excess (and probably 
with reduced) toxicity. As in breast cancer, adjuvant 
treatment may improve recurrence-free and overall 
survival at the cost of long-term hormone side-effects. 
Alternative hormonal strategies to LHRH and maximal 
androgen-blockade would be of interest. Ongoing clinical 
studies will address some of these issues but enthusiasm 
for ‘high tech’ therapies should not obscure the overall 
aims of treatment, which can only be accurately assessed 
in prospective randomized studies, with end-points 
including overall survival and quality-of-life assessments, 
as well as biochemical data on disease control. 

For the future, improved understanding of the 
biology of prostate cancer may lead to more optimal 
patient selection for treatment. Optimization of dose 
and radiotherapy techniques using DVH and 
TCP/NTCP considerations should improve uncompli- 
cated tumor control probabilities. The role of normal 
tissue sensitivity testing deserves further study and the 
indications for and duration of neoadjuvant and adju- 
vant hormone therapy must be clarified. Finally, new 
modalities should to be tested and integrated as they 
become available. 
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Introduction 


The task of determining the most effective therapy for 
patients diagnosed with clinically localized prostate 
carcinoma (PCA) is a challenging one for both physi- 
cians and patients alike. PCA remains a major health 
concern in many industrialized countries, (1) and 
remains the most common malignancy and second 
most common cause of cancer-related deaths in 
American males (2). Despite a voluminous literaturc 
investigating this disease, defining a standard of treat- 
ment for individual patients who present with a new 
diagnosis of PCA remains problematic. Historically, 
the dominant treatment options for localized PCA have 
been radical prostatectomy (3, 4) and external-beam 
radiotherapy (5, 6). In fact these two therapies account 
for nearly 80% of initial treatments administered to 
patients with PCA in the US (7). More recently, partic- 
ularly over the past § years, novel or modified treat- 
ments for localized PCA have been introduced 
including ultrasound-guided interstitial brachytherapy 
(8, 9) 3-dimensional conformal radiotherapy (10, 11), 
high-dose combination radiotherapy (12), HDR 
Iridium192 brachytherapy (13, 14), proton-beam 
radiotherapy, (15) high-intensity focused ultrasound 
(HIFU) thermotherapy (16), and cryo-ablation (17-21). 
Unfortunately, no randomized prospective comparison 
with adequate follow-up has ever been completed com- 
paring any two of these approaches. Obviously 
without such information treatment recommendations 
must be made on the basis of the available literature, 
but this is problematic since often both patient selec- 
tion and definitions of treatment success (regardless of 
the treatment) vary considerably among reports that 
document post-treatment outcomes (22, 23). 

Over the past 5 years over 40 reports have been pub- 
lished pertaining to the use of transrectal ultrasound- 


guided cryo-ablation of the prostate for treating 
patients with PCA, with variable and inconsistent 
results. A number of authors have suggested very 
promising preliminary results with regard to cancer- 
related outcomes such as biochemical disease-free sur- 
vivals or negative biopsy rates, (24) while others have 
raised concerns regarding the potential morbidities of 
this procedure and the feasibility of safely accomplish- 
ing whole-gland ablations (25). The purpose of this 
chapter is to review the evolution of this interesting 
technology and to summarize the current clinical expe- 
rience with using cryo-ablation to treat patients with 
localized prostate cancer. 


Cryo-ablation history 


The first report of cryo-ablation of the human prostate 
was in 1966 when Gonder and Soanes published the 
results of using a transurethral single cryoprobe in 
ablating peri-urcthral adenomatous tissue in patients 
with outlet obstructive symptoms (26). Subsequently, 
several reports appeared pertaining to its use as a poss- 
ible treatment for patients with both metastatic and 
localized adenocarcinoma of the prostate. Later a 
transperincal approach, applying the cryoprobes 
directly to the surface of the prostate, was also 
described. Collectively over the next 15 years, these 
procedures werc employcd in several institutions as an 
alternative to more conventional means of managing 
patients with various stages of PCA, with a number 
of reports demonstrating mixed results (27-29). 
Fundamentally these applications of cryo-ablation to 
the prostate suffered from the inability to monitor the 
cryodestruction in real time; treatment endpoints were 
occasionally determined by direct palpation only. 
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ing catheter 
in urethra 


Fig. 18.1 Graphic illustration of transperincal cryo-ablation 
of the prostate. Post-treatment urinary drainage can be either 
with a suprapubic tube, as here, or with urethral catheters. 


Ultimately these forms of cryo-ablation were gencrally 
abandoned due to modest rates of local recurrence 
along with frequent morbidities (30). 

With the development of transrectal ultrasono- 
graphic imaging, interest in percutaneous cryo-ablation 
of the prostate was renewed in the late 1980s. Three 
critical modifications to the older techniques were 
made. The first was the use of real-time transrectal 
ultrasonographic monitoring of both the cryoprobe 
placement, as well as the propagation of the advancing 
ice. The second was the development of 3-mm cry- 
oprobes, which could be placed transperincally into 
targeted areas of the prostate. Lastly, a urethral 
warming system was devised to maintain sufficient via- 
bility of the peri-urcthral tissues to lower tissuc-slough- 
ing rates relative to the older approaches (Fig. 18.1). 

Using these components, two small-animal studies 
were performed investigating cryo-ablation in a canine 
prostate model. The first indicated that the leading 
edge of the propagating ice ball could be safely fol- 
lowed in real time by TRUS imaging (31), and the 
second indicated that percutanous cryoprobes could be 
used to produce necrosis in canine prostate tissue (32). 
Using this somewhat limited testing, a first-generation 
cryo-ablation system (Accuprobe™, CMS) was devel- 
oped that supported active freezing from no more than 
five cryoprobes simultaneously (28). This number was 
chosen somewhat arbitrarily and, not surprisingly, the 
probe pattern initially suggested for treating human 
prostates involved five probe sites. Prior to marketing 
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(i.e. prior to obtaining 510K designation) this device, 
no studies had been completed that were directed 
toward validating the actual five-probe technique itself 
in either animal or pre-prostatectomy models. Notably 
specific questions pertaining to the use of cryo-ablation 
to treat PCA in humans, such as (to list some) patient 
selection, probe distribution, mechanisms of urethral 
warming, number of freezes, ideal target volumes, ideal 
rates of freezing, or establishing corrclations between 
histologic effects and specific temperature endpoints in 
prostate tissue, were not explored. As a result, 
although it was probably true that, as claimed at the 
time, there was little doubt that cryo-ablation could 
destroy PCA tissue, initial marketing was done amid 
the absence of data that defined an ideal technique of 
applying this technology to che human prostate. 

The first clinical experience in humans with percuta- 
neous transrectal ultrasound-guided cryo-ablation was 
published in 1993 when Onik reported early results 
after treatment of 63 patients with localized prostate 
carcinoma (33). Given that this was the first focal abla- 
tive therapy introduced for treating PCA, and that it 
may have been marketed prematurely, it is fair to say 
that since that time cryo-ablation has been a work in 
evolution. Perhaps not surprisingly, a number of tech- 
nical variations have been proposed since the initial 
report, and the absence of a validated treatment proto- 
col prior to marketing is probably the reason why the 
clinical results presented in over 40 peer-reviewed 
reports since then have been somewhat mixed. 


Mechanisms of tissue injury 


Cryo-ablation is the best developed of several forms of 
tissue ablation, which (when applied in the human 
prostate) attempt to cradicate all foci of prostate cancer 
in a given gland im situ without the usc of surgical 
extirpation. Unlike radiation (mitotic arrest) or andro- 
gen deprivation (apoptosis), the mechanism whereby 
cryo-ablation produces cytotoxicity is the induction of 
targeted areas of coagulative necrosis in the prostate 
gland. There are two mechanisms whereby this is 
believed to occur (34), First involves ‘direct’ injury to 
the targeted cclls, which is effected in onc of two ways. 
The accumulation of extracellular ice in the interstitial 
compartment is very desiccating and results in a toxic 
accumulation of toxins within the cell; during thawing 
the osmotic shift reverses, resulting in lysis of both the 
intracellular organelles and the cell membrane itself. 
The second mechanism of ‘direct’ injury is through the 
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accumulation of intracellular ice, which produces shear 
forces within the cell disruptive enough to destroy all 
organelles and the cell membrane itself. The accumula- 
tion of intracellular ice may be enhanced by rapid 
freezing rates, particularly at rates which exceed 
25°C/min (35). The second mechanism of cryo- injury 
is the ‘indirect’ or ischaemic mechanism. Some believe 
that this may be the most important mechanism 
whereby cryo-ablation can produce large areas of 
necrosis in a targeted tissue field. (i.e. as opposed to cell 
monolayers in vitro) (34). Rapid freezing clearly 
induces thrombosis both in a microvascular level as 
well as for larger arterioles, producing large arcas of 
field infarcts, Although the temperatures necessary to 
generate coagulative necrosis may vary amongst differ- 
ent tissues (34), recent evidence has clearly indicated 
that -40°C to -50°C is the critical threshold for achiev- 
ing reliable areas of coagulative necrosis in human 
prostate tissue (36). 


Cryo-ablation: features of effective 
treatment of prostate cancer 


PCA poses a particular challenge to focal ablation tech- 
niques such as cryo-ablation, in that it is difficult to 
reliably define the location or extent of local tumor 
burden in the prostate. For example, it has been shown 
that prostate cancers are usually multi-focal, typically 
consisting of two to five tumors per gland (37). 
Unfortunately there is still no radiographic modality 
that can identify with satisfactory degrees of resolution 
the intraprostatic tumor volume distribution to a reli- 
able degree. Thus, until such time that clinically 
significant foci (> 0.5 cm?) of prostate carcinoma can 
be accurately identified pre-operatively, the application 
of cryo-ablation in treating patients with PCA must be 
directed toward treating the entire prostate gland as the 
ideal means of eradicating the discase. 

Becausc effective cryo-ablation relies on temperature 
changes in order to produce coagulative necrosis in the 
desired tissue target, the temperature thresholds neces- 
sary to produce a reliable correlation between treat- 
ment parameters and histopathology (i.c. coagulative 
necrosis in the target area) need to be well defined. As 
stated, for human prostate tissuc, these targets cur- 
rently appear to be less than -40°C to -50°C. At the 
present time, the only way to assess the extent of 
prostate tissue ablation is to use temperature monitor- 
ing in real time during freczing. While it is conceivable 
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that models could be constructed to predict reliably the 
3-dimensional arcas of coagulative necrosis that will be 
created in the prostate based on a given set of treat- 
ment variables (tissue composition, duration of freeze, 
etc.), such ‘operator-independent’ models are lacking. 
Currently the best means of providing real-time tem- 
perature monitoring during focal cryo-ablation 
involves the interstitial placement of multiple thermo- 
couples in strategic locations in and around the tar- 
geted treatment area. 

Finally, treating PCA with cryo-ablation is also chal- 
lenging because of the need to avoid damage to a 
number of important structures that are within or adja- 
cent to the freezing zone—most important of these 
being the rectum, urethra, voluntary urinary sphincter 
complex, and bladder neck. Histopathologic studies of 
cryolesions consistently indicate a fairly sharp demar- 
cation between treatment effect and normal tissue. This 
feature of cryo-ablation can be exploited by using 
precise cryoprobe placement to maximize coagulative 
necrosis in the glandular prostate and minimize freez- 
ing effect in the surrounding structures. As will be seen, 
adequate urethral warming and probe distribution are 
critical clements of technique if these goals are going to 
be achicved. 


Cryo-ablation: technical variations 


Multiple freeze-thaw cycles 


It has been demonstrated that cellular destruction occurs 
during both the freeze and the thaw (rapid frecze, slow 
thaw) portions of a cryo-ablation cycle (34). Two freeze- 
thaw cycles have been shown to produce more efficient 
cell kill when compared to single cycles, both in human 
prostate monolayers in vitro (35)—although this may not 
be as important as reaching -40°C in human prostate 
models in vivo (38). Further, two freeze-thaw cycles 
during prostate cryo-ablation in humans have been asso- 
ciated with lower positive biopsy rates, as well as 
improved PSA results, when compared to single-freeze 
cycles, without any apparent increase in developing cryo- 
related morbidities (18, 19, 39). Finally, in single-probe 
temperature mapping experiments performed on patients 
prior to radical prostatectomy, two consccutive 10-min 
freeze cycles produced a larger area of coagulative necro- 
sis than a single 20-min freeze (36). Thus the available 
literature supports the use of a minimum of two freeze- 
thaw cycles, although whether there is any additional 
benefit to more than two cycles is not known. 
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Urethral warming 


The primary objective of the use of urethral warming 
catheter systems during cryo-ablation is to minimize 
urethral sloughing. The first urethral warming system 
was marketed as a non-significant risk device until 
approximatcly July 1994. Initial experiences with this 
system were notable for fairly low rates of urethral 
sloughing ranging from 4% to 10% (33, 40, 41). Due 
apparently to concerns submitted to the FDA sur- 
rounding the safety of this particular device, it was 
taken off the market in mid-1994 for approximately 18 
months, while it underwent regulatory review. During 
this time period numerous authors reported a sharp 
increase in post-cryo-ablation TURP and overall ure- 
thral sloughing rates due to the use of alternate urc- 
thral warmers or warming systems, which did not have 
many of the features of the original one (14-16, 20, 
21). As expected, the safety of the original warmers 
was easily confirmed during this period and, since 
1996, approved urethral warming catheters have been 
widely available. The precise mechanisms by which 
adequate urethral warming ensures the most protective 
heat transfer during cryo-ablation are still being cvalu- 
ated; however, currently it is clear that the warming 
system as originally designed was effective in reducing 
slough-related morbidities. With current techniques, 
anticipated post-cryo-ablation sloughing rates lie 
between 3% and 9% (17, 42) provided that the appro- 
priate warming catheters arc used, and that paticnts 
have not been radiated. Studies directed toward 
improving catheter design and urethral warming 
efficiency are ongoing, with the hopeful result that 
slough rates will decline even further as new systems 
are marketed. 


Thermocouple monitoring 


Early in the experience with performing cryo-ablation 
of the prostate, several authors in particular noted that 
real-time interpretation of the leading edge of the ice 
ball on sonographic imaging underestimated the actual 
extent of cellular destruction (19, 43, 44). In addition, 
a number of reports in the cryobiological literature had 
documented in several human tissues fairly reliable 
coagulative necrosis when temperatures of —40°C to 
-50°C were achieved in the target areas (34). As a 
result some programs began to place thermocouples at 
the margins of the targeted treatment zones (e.g. neu- 
rovascular bundles, apex) to ensure that these cytotoxic 
temperatures werc achieved during freezing. Wong and 
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Bahn were among the first to relate improved PSA rates 
and post-cryobiopsy results with thermocouple moni- 
toring when compared to patients in whom this had 
not been used (19, 20, 45). Currently it is evident that 
transrectal ultrasonography alone is inadequate for 
monitoring and planning a successful cryo-ablation. 
Although the precise number of thermocouples that 
constitute a satisfactory number of data points to 
ensure an adequate freeze is still being evaluated, a 
minimum of four to perhaps five thermocouple posi- 
tions around the periphery of the prostate as well as at 
the apex of the prostate is recommended. 


Probe number/probe distribution 


The device first used to perform percutancous cryo- 
ablation in patients with PCA was manufactured with 
exit ports for fve cryoprobcs (46). Not surprisingly, the 
initial report on this procedure described a technique 
involving the placement of five cryoprobes radically 
around the urethra. To what degree this probe distribu- 
tion effectively produced reliably confluent areas of 
coagulative necrosis around the urethra had not been 
confirmed in human prostate settings, and was based to 
some extent on patterns of ice propagation using five 
cryoprobes in agar phantoms. 

Recently temperature mapping studics done in 
patients with localized prostate cancer, who agreed to 
undergo focal cryo-ablation of the prostate prior to 
undergoing a radical prostatectomy, have begun to 
define the mechanics of freezing in human prostate 
tissue more clearly (36), These studies found that for 
single probes engaged in two consccutive 10-min 
freeze-thaw cycles, a radius of approximately 7-8 mm 
from the cryoprobe correlated consistently with a -40° 
to -50°C degree isotherm. Subsequent histopathologi- 
cal evaluation of the surgical specimens after 3-mm 
step-sectioning indicated that this isotherm also consis- 
tently correlated with zones of complete coagulative 
necrosis. Temperatures ranging from -20° to -40°C 
(i.e. 8-10 mm radii) correlated with a zone of 
histopathologic changes that was characterized by 
viable cells exhibiting signs of cellular injury, the 
significance of which is difficult to discern from the 
preliminary studies. Follow-up temperature mapping 
studies in patients undergoing full-gland (i.e. six 
probes) cryo-ablations demonstrated that the effect of 
multiple probe placement produces a larger effective 
freezing zone than that predicted by simply adding 
single-probe freezing characteristics. The arcuate 
peripheral placement of cryoprobes 1.2-1.4 cm apart 
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consistently produced temperatures lower than -100°C 
at points 8-10 mm medial to the probe arc. 
Interestingly, temperatures measured at 7-8 mm 
peripheral to the arc rarely were lower than the tar- 
geted threshold of -50°C, presumably because no addi- 
tive effect was being produced. These preliminary data 
strongly indicate that for many patients, (especially 
those with larger glands) the originally suggested five- 
probe distribution may have been inadequate to reli- 
ably produce an area of coagulative necrosis that was 
large cnough to cover all viable tissue in the prostate. 
Moreover, these data begin to define critical elements 
of probe placement for individual glands. These fea- 
tures may include keeping probes within 7-8 mm of 
the capsule, placing probes no less than 1.2-1.4 mm 
apart (i.e.6-7 mm radii/probe) around the gland, and 
using as many probes within these guidelines as the 
volume or shape of the prostate requires. Moreover, 
treatment efficiency will probably be maximized by 
restricting cryo-ablation to patients with gland volumes 
of approximately 40 cm! or less. Whether such a treat- 
ment design will produce reliable targeted ablation in 
all patients will require additional study, but it is inter- 
esting that Lee has demonstrated a clear clinical 
improvement in results with six vs. five cryoprobes 
(47). 

Thus although there has been significant technical 
variation in published reports on cryo-ablation of the 
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prostate, the essential elements of an effective treatment 
are starting to emerge (Fig. 18.2). Ideally, candidate 
prostate glands should be between 30—40 cm?. The tar- 
geted temperatures are -40° to —50°C at the periphery of 
the prostate, with a minimum of six peripherally loaded 
cryoprobes. Urethral warming using approved devices 
has to be employed in order to ensure a minimized TUR 
slough rate. A minimum of two freezes should be used, 
and the entire procedure should be done under real-time 
temperature monitoring in order to maximize the likeli- 
hood of achieving large areas of coagulative necrosis 
throughout the prostate. 


Cryo-ablation: clinical results 


Because the first reported results with contemporary 
cryo-ablation of the prostate were published 1993, 
standard criteria for treatment efficacy, such as 10-15- 
year cause-spcecific survival data, are lacking for this 
procedure. However surrogate outcomes, which are 
increasingly being used to assess treatment efficiency, 
are available from many centers using this modality. 
The three primary surrogate outcomes in this regard 
are post-treatment PSA results, post-treatment biopsy 
results (occult local control), and post-treatment mor- 
bidities. These will be briefly summarized below. 


RNVB (b) 


RNVB 


DENON 


Fig. 18.2 Transverse transrectal ultrasound image depicting the six-probe cryo-ablation technique. Double echoes at cach of the 
probe positions are characteristic of the teflon sheaths in place just prior to the actual cryoprobe placements. P denotcs each of 
six sheaths in position. U denotes urethral warming catheter. (a) Thermocouples have not been placed yet. (b) Graphic illustra- 
tion corresponding to the actual probe postitions in (a). Filled circles represent standard six-probe distribution; more can be 
added for selected glands. Open circles represent thermocouple positions for monitoring (ANT: anterior and just subcapsular; 
DENON: Denovillier’s layer in the midline; R/LNVB: just extracapsular at levels of neurovascular bundles). Occasionally a fifth 


is placed at the apical level. UH refers to urethral heater. 
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PSA results 


The post-cryo-ablation PSA results that have appeared 
in the literature have been reported variably. A number 
of early studies tended to document post-cryo PSA out- 
comes by reporting crude PSA rates at fixed post-oper- 
ative time points; for example, post-cryo PSA values of 
< 0.5 ng/ml ranged from 41% to 74% (18, 21, 40, 48, 
49). Unfortunately this early literature lacked a consen- 
sus on how best to report PSA-related outcomes post- 
cryo-ablation. Longer projections of PSA-based 
disease-free survivals from single-institution post-cryo- 
ablation are few; only a small number of programs 
have sufficient follow-up combined with an adequate 
number of patients treated to calculate actuarial 5-year 
biochemical-free survivals at any PSA threshold 
definition, In this regard, Long reported an overall 
actuarial biochemical progression-free rate at 5 years of 
56% (49). Cohen recently reported 5-year biochemical- 
free survivals of 42% for PSA < 0.4 ng/ml and 58% for 
PSA < 1.0 among patients with Gleason grade 7 or 
higher PCA, or PSA > 10 ng/ml for pateints who 
undergo cryo-ablation (17, 50) Similar data from other 
institutions arc lacking. 

More recently a retrospective multi-institutional 
database, designed to stratify patients and outcomes in 
order to minimize selection bias inherent in single-insti- 
tutional reporting, was constructed. One of the objec- 
tives of this study was to address the dearth of valid 
mid-term PSA outcomes following cryo-ablation men- 
tioned above. Data from this analysis was instrumental 
in inducing the Health Care Financing Association in 
the US to reverse its policy and begin re-imbursing for 
cryo-ablation for its medicare subscribers as of July 
1999. In this study, 975 patients were identified among 
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five institutions performing cryo-ablation over the 
course of 5 years. For these patients the overall 5-year 
actuarial biochemical-free survival (BFS) post-cryo- 
ablation was 51% and 63% for the thresholds PSA 
<0.5 ng/ml and PSA < 1.0 ng/ml, respectively (51). 
When patients were stratified by factors predicting 
higher risks of progression, the 5-year BFS rates not 
surprisingly declined according to increasing risk 
(Table 18.1). Notably, for PSA < 1.0 ng/ml, the %-year 
BFS rates were 76%, 67%, and 41% for patients at 
low, medium, and high risks for progression, respec- 
tively. A brief synopsis of contemporary radiotherapcu- 
tic techniques, including 3-dimensional conformal 
modifications as well as interstitial brachytherapy 
results, reported in the last 3 years suggest that these 
results are fairly comparable to what has been reported 
by other institutions (8-10, 52-58). For example, 
patients with low risk of progression undergoing these 
therapics have 5-year BFS rates ranging from 67% to 
87%, depending on the selection criteria; those with 
higher risks have 5-year BFS rates ranging from 0% to 
60%. The PSA results were noted to be comparable to 
those reported after radiotherapy, despite the fact that 
the data from this study are likely to reflect a ‘least 
common denominator’ effect among the institutions 
studied, since no attempt to segregate patients based on 
the actual technique used during the procedure for cach 
patient in the database was made. 


Post-cryo-ablation biopsy results 


The value of post-treatment biopsy results continues to 
be a subject of some debate (59). What is clear is that 
with any type of ablative approach to the prostate 


Table 18.1 Five-year actuarial biochemical success rate post-cryo stratified by risk category 
PSA < 0.5 PSA < 1.0 
n % rate (S.E.) % 5-year at risk % rate (S.E.) % 5-year at risk 

Overall 975 51.1 (2.7) 67 63 (2.7) 81.5 

Low riskt 238 59.5 (4.7)* 26 76 (4.2) 34 

Medium risk! 321 61 (4.3) 23 71 (4.3) 25.5 

High risk! 385 36 (5.0) 16.5 45 (5.2) 20.5 

No AD 613 55 (2.9) 49 69 (2.7)* 61.5 

AD 307 40 (5.8) 18 47 (6.0) 20 


a 


* P < 0.05 across groups, Logrank. 

t PSA < 10, and GG < 7, and stage < cT2b. 

t Any 1:PSA > 10 or GG > 6 or stage > cT2a. 

5 Two or more: PSA > 10 or GG > 6 or stage > cT2a. 
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there still remains a sonographically evident residuum 
of tissue within which persistent or resistant foci of car- 
cinoma have an opportunity to progress. Usually radi- 
ographic evaluations such as TRUS are not helpful in 
demonstrating the presence or absence of residual 
disease, although spectroscopically enhanced MRI may 
have some valuc (60, 61). In this context the valuc of 
random biopsics following these treatments, particu- 
larly for patients who have a rising PSA, seems 
obvious. 

Numerous authors have reported fairly low positive 
biopsy rates following cryo-ablation ranging from 8% 
to 35%, with rates dependent on operator experience, 
patient selection factors, and duration of follow-up 
(17-21, 40, 48, 50, 62). Biopsies have been done either 
at predetermined time points post-treatment or in 
response unfavorable clinical developments such as a 
rising PSA, and usually 6-12 core techniques have been 
cited. In the retrospective multi-institutional study 
noted previously, the overall positive biopsy rate was 
only 18% (Table 18.2). Among patients at low risk for 
progression, the positive biopsy rate was even lower at 
10%. These results are very comparable, if not superior 
to, positive biopsy rates following both external-beam 
radiotherapy or brachytherapy (8-10, 52-54). Thus, it 
would appear that these data suggest that, at least 
insofar as post-treatment biopsy sampling can indicate, 
cryo-ablation can produce fairly impressive degrees of 
local control with a very small risk of harboring occult 
persistent disease in the residuum. 


Post-cryo morbidities 


As with cancer-related outcomes, morbiditics post-cryo 
are also variably reported. (Table 18.3). Prior radiation 
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appears to be a significant risk factor for post-cryo- 
ablation related side-effects, and this will be discussed 
separately. The reported rates of recto-urethral fistulae 
have been fairly low, ranging from 0% to 3% (17-19, 
21, 40-42, 48, 63, 64). Urethral drainage alone will 
resolve most of these fistulae, although colonic diver- 
sion and primary repair may be needed in rare 
instances. Reported rates of urcthral sloughing in 
reports cited above range from 4% to 38%. As noted 
above, alternate urethral warming is clearly the chief 
risk factor among these studies for developing post- 
treatment sloughing. For patients with no prior thera- 
pies undergoing cryo-ablation with standard warming 
catheters, the slough rate can be as low as 4-8% (17, 
42). Typically, sloughing is best managed with a 
TURP, limited only to the removal of obviously 
necrotic matcrial, as extensive resections may decrease 
ultimate continence (19, 20). Overall the reported rates 
of incontinence in non-radiated patients following 
cryo-ablation range widely from 3% to 27% (17-19, 
21, 40-42, 48, 63, 64). Again, as with urethral slough- 
ing, factors that contribute to incontinence post-cryo 
include operator inexperience and inadequate urethral 
warming. In fact it is probably accurate to note that in 
the absence of tissue sloughing or prior radiation treat- 
ment, pad-dependent incontinence post-cryo occurs in 
< 3% of cases (17, 20, 42). 

Currently, reported rates of potency following cryo- 
ablation are generally low, ranging from 0% to 20% 
(17, 18, 19, 41, 42). As with other therapics for man- 
aging PCA, it is difficult to provide objective determ- 
inations of erective function post-cryo, yet these low 
potency rates have been noted both in physician-based, 
as well as patient-based, outcomes assessment studies 
(42). The etiology of erectile dysfunction following 
cryo-ablation is poorly understood. One recent report 


Table 18.2 Post-cryo positive biopsy rates (of patients biopsied) 


Post-cryo 
n % Ragde et al. (8) Stock et al. (9) 
Overall 141/779 18 
Low risk? 25/198 12% 22% 26% 
Medium risk? 31/255 12° 22% 26% 
High risk’ 82/305 27 


+P < 0.05 across groups, Logrank,. 

t PSA < 10, and GG < 7, and stage < cT2b. 

i Any 1:PSA > 10 or GG > 6 or stage > cT2a. 

$ Two or morc: PSA > 10 or GG > 6 or stage > cT2a. 


Post-radiation 


Zelefsky et al. (10) L.averdiere et al. (53) Crook et al. (54) 


43% 65% 44% 
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suggests that it is likely duc to vasculogenic rather than 
exclusively neurogenic changes following the proce- 
dure, although this would need further study to be cor- 
roborated (65). At the moment there are few data 
documenting the effectiveness of different treatment 
strategies for post-cryo ED, although anecdotal experi- 
ence suggests that intracavernous injection can be cffec- 
tive for most patients in this setting. 

Overall the rates of developing lower urinary tract 
infections following cryo-ablation of the prostate range 
from 4% to 9% (17, 18, 21, 63). These are invariably 
easily managed with antibiotics. Other, more rare 
potential complications following this procedure that 
have been reported include sepsis, venous thrombosis, 
ureteral obstruction/hydronephrosis, and chronic 
penile pain. In the aggregate thcse more serious prob- 
lems typically have occurred in < 10% of cases, and are 
noted to occur infrequently in instirutions with large 
experiences performing this procedure. 

Thus based on the clinical evidence available from 
the literature presented above, cryo-ablation seems to 
be a potentially effective treatment option for patients 
with new diagnoses of PCA. Unfortunately, the techni- 
cal features that comprise a reliably effective treatment 
for individual patients have been evolving since its re- 
introduction in 1992. This lack of a genuinely vali- 
dated method of applying cryo-ablation technology to 
adequately treat PCA has probably been the main 
reason hindering a broader acceptance of this proce- 
dure, as unfavorable outcomes following cryo-ablation 
of the prostate were noted following the initial experi- 
ences of a number of urologists with this technology 
(25, 63, 64). However, the currently recommended 
method is considerably different from that used during 
the initial marketing of this technique, and is based on 
carcfully controlled clinical studies in humans. It scems 
reasonable to conclude that using six or more cry- 
oprobes, standard urethral warming, multiple freeze- 
thaw cycles, and thermocouple monitoring will 
produce clinical outcomes that are comparable to those 
reported for other non-surgical therapies, such as exter- 
nal-beam radiation or brachytherapy. 


Salvage cryo-ablation radiation 
failures 


Upon its introduction in 1993 there was a fair degree 
of enthusiasm for cryo-ablation as a salvage option 
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for patients who had failed radiotherapy. However, 
clinical outcomes from several programs examining 
this select patient group have been suboptimal. The 
rates of attaining undetectable PSA nadirs post-cryo 
in these patients range from 36% to 38%, but the 
likelihood of maintaining an undetectable PSA 12-18 
months post-treatment drops to between 11% and 
28% (39, 66-68). Post-cryo positive biopsy results for 
these paticnts have been a bit more cncouraging, 
ranging between 14% and 27%, with lower rates 
noted in patients receiving more than one freeze-thaw 
cycle (39). Yet in most of these studies the biopsies 
were done fairly early (i.e. < 1 year) after the treat- 
ment. Longer follow-ups demonstrating the rate of 
maintaining a negative biopsy status in this group are 
lacking. Regardless of the mixed cancer-related out- 
comes, the primary concern with using cryo-ablation 
in managing these difficult patients has to do with the 
attendant morbidities. The side-effect profile for 
patients undergoing cryo-ablation after radiotherapy 
clearly appears to be higher than thar seen in patients 
without prior radiation (Table 18.3). Incontinence 
rates range anywhere from 10% to 95% (17, 39, 64, 
66-68), with all but one study noting very high rates 
of poor urinary control, Recto-urethral fistula rates 
ranged between 0% and 17%, and tissue sloughing 
has been noted in between 15% and 52% of cases, 
with somewhat lower rates for approved urethral- 
warmer usc (68). More severe side-effects, such as 
chronic and unrelenting pelvic pain (17, 39, 64) and 
osteitis pubis (69), may be specific to previously radi- 
ated patients, as these outcomes are much less 
common following cryo-ablation used as primary 
therapy. Given these data it is not clear that with the 
availability of androgen deprivation (which involves a 
minimal effect on quality of life) the use of cryo- 
ablation in this patient population will provide any 
significant benefit to these difficult to manage 
patients. In fact a recent review by the Health Care 
Financing Agency concluded that the results available 
in the current medical literature, pertaining to the use 
of cryo-ablation as a salvage treatment option for pre- 
viously radiated patients, were inadequate to justify 
coverage for these patients. At the moment the use of 
cryo-ablation for radiation therapy salvage remains 
experimental. The patients in this setting have to be 
advised that biochemical-free survivals to date have 
only been modest, and that the risks of post- 
cryoablation morbidities are higher than those who 
have not been previously radiated. 
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Conclusions 


While the current results with percutaneous transrectal 
ultrasound-guided cryo-ablation for managing patients 
with localized PCA presented in this chapter arc 
promising, they are nonctheless somewhat preliminary. 
It is only over the past 12-24 months that a consensus 
on technique has begun to be established for cryo- 
ablation, and whether the encouraging results seen in 
several institutions skilled in this procedure can be suc- 
cessfully transferred to other programs, will require 
further study. The rates of surrogate cancer-related 
outcomes following cryo-ablation can only be pro- 
jected out to 5 years in a small number of institutional 
experiences, and no prospective technique-controlled 
data have been reported as of yet. In the absence of 
randomized prospective comparisons with other treat- 
ments for localized prostate carcinoma, it is particu- 
larly difficult to determine clear indications for when 
cryo-ablation would be preferable to more established 
therapies. An ongoing prospective comparison between 
cryo-ablation and external-beam radiotherapy for 
patients with localized PCA, being conducted by the 
Canadian National Cancer Institute, should provide 
very useful information in this regard over the next 5 
years. Yet despite these limitations it is quite evident 
that there are ample data supporting the contention 
that using current techniques cryo-ablation of the 
prostate is a safe and effective treatment for localized 
prostate cancer, and that it will produce clinical out- 
comcs that are comparable to established radiothera- 
peutic techniques. Both identifying the characteristics 
that constitute the ideal patient who is most likely to 
benefit from this procedure, as well as determining how 
prevalent cryo-ablation of the prostate will become as a 
treatment option for patients with prostate carcinoma, 
awaits further and ongoing investigations. 
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Introduction 


Prostate carcinoma has become the leading cancer site in 
men in the United States and the second cause of death in 
men (1), In the early days of PSA, the incidence in the 
USA rose from 113 per 100000 in 1989 to 190 per 
100 000 in the peak year 1992 (2), to fall to 144 per 
100 000 in 1994. In the National Cancer Data Base 
Report on Prostate Carcinoma, Mcttlin et al. compared 
the basic characteristics of prostate carcinoma data of 
1992 and 1995 and found that the age at time of diagno- 
sis decreased by 2 years. The proportion of patients with 
clinically localized disease rose from 69.3% to 76.7%. 
Although considerable regional variations could be 
observed overall more patients were treated with radical 
prostatectomy at the expense of radiation therapy (3). 
Another most interesting development, reported by 
Wingo et al., is the fact that prostate cancer annual death 
rate declined with an average of 1% per year since 1990 
(4). In Europe a similar trend is noted (5, 6). The 
expected increase in localized prostate cancer and diag- 
nosis at younger age will lead to an increasing number of 
men requiring treatment. 

In spite of the fact that it has not (yet) been proven 
that screening or case-finding for prostate carcinoma 
effectively reduces morbidity and mortality of prostate 
cancer, more men opt for a digital rectal examination 
(DRE) and prostate-specific antigen (PSA) measure- 
ment. Screening results in a higher incidence of prostate 
carcinoma (7) but also in detection at an earlier stage 
of the disease (8). Whereas in the past most cases were 
disseminated on diagnosis, nowadays in the USA up to 
80% of patients are found to have a localized prostate 
carcinoma. The cost for diagnosis and treatment will 
thus increase considerably and will put high pressure 
on health services in the coming years (9). 


The recommended treatment for patients with a 
T1-2 NO MO prostate carcinoma, who have a life- 
expectancy excceding 10 years, is radical prostatec- 
tomy (10-12). Although this operation can be 
performed safely and a better understanding of the 
anatomy has improved the overall functional results, it 
remains a major surgical procedure associated with a 
considerable morbidity, erectile dysfunction and 
urinary incontinence being the most common compli- 
cation, This is, amongst others, the reason for the 
development of less invasive treatment alternatives. We 
can define three groups of patients in whom alternative 
treatments for localized prostate carcinoma may at this 
moment already be an acceptable treatment option. 
The first group are patients with locally advanced 
diseasc, who have a tumor penetrating the prostatic 
capsule. They are generally considered not to be good 
candidates for radical prostatectomy, since the proba- 
bility of cure by means of operation is very low (13). 
The second group are those patients who have a life- 
expectancy less than 10 years but have a significant 
tumor (large volume and/or high gradc). The third 
group of patients are those who are good candidates 
for radical prostatectomy but who do not accept the 
morbidity associated with this operation and seek for 
an alternative treatment. 

In the wave of new technologics, many different 
energy sources are used in the treatment of benign or 
malignant prostate conditions including electro- 
surgery, laser, microwaves, radiofrequency, cryother- 
apy, and brachytherapy. After initial experience in the 
treatment of benign prostatic hyperplasia (BPH), for 
which it has already been abandoned again, high- 
intensity focused ultrasound (HIFU) was also intro- 
duced in the treatment of prostate carcinoma. HIFU 
consists of focused ultrasound waves emitted from a 
transducer that are capable of inducing tissue damage 
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by physical principles leading to mechanical effects, 
cavitation, and thermal effects (14). 

In the process of evaluating and improving the treat- 
ment, however, we believe that it is crucial to obtain 
exact histological data on the effect of any treatment 
on human prostate in vivo. The only reliable approach 
is to do radical prostatectomy after the treatment. This 
was never performed in any of the other alternative 
treatments, like radiotherapy, brachytherapy, and 
CSAP. Many patients have been treated with the afore- 
mentioned modalities, even though thcir precise effects 
on prostatic tissue in vivo were not known. This has 
left us with a number of failures of these treatments 
that could possibly have been predicted had the result 
of the treatments been assessed accurately before 
embarking on them in large series. 

Tn this chapter we will elaborate on a number of dif- 
ferent issues concerning HIFU. First of all we will 
address the technical aspects of the procedure, physical 
as well as medical. Second, we will review the clinical 
and pathological outcome. Finally, we will discuss the 
future perspectives of this technique and the efforts 
to be made before widespread clinical use can be 
considered. 


Principles of HIFU treatment 


Physical principles 


HIFU consists of focused ultrasound waves emitted 
from a transducer that are capable of inducing tissuc 
damage by three physical principles leading to mechan- 
ical effects, cavitation, and thermal effects (14). An 
ultrasound field causes particle motion, which results in 
mechanical stress and strain. These mechanical interac- 
tions between ultrasound and tissue, which include 
radiation force, radiation torque, and streaming, can 
cause direct changes in a biological system. At high- 
intensity level, the biological effects are associated with 
the formation of cavitation bubbles. This type of inter- 
action can cause complete destruction of the tissuc 
located next to these bubbles. The lesion, which can be 
distinguished from coagulation necrosis easily, is char- 
acterized by a haemorrhagic cellular lysis with cavita- 
tion formation. In an absorbent medium the ultrasonic 
energy is continuously absorbed and converted into 
heat. The thermal cffects produced by ultrasound have 
been utilized for many years in hyperthermia as a 
cancer therapy. Similar to any other type of hyperther- 
mia treatment, its effectiveness depends on the temper- 
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Fig. 19.1 Schematic drawing of HIFU treatment. 


ature achieved and the length of the exposure. At cellu- 
lar level, protein coagulation may occur resulting in 
irreversible cell damage. 

The aim of HIFU is to heat pathological tissue to 
temperatures above 65°C thus destroying these tissucs 
by means of coagulative necrosis (15). With a very 
sharply focused beam, the ultrasound intensity 
becomes high in the focal area and decreases rapidly in 
the sonic field lying between the focus point and the 
anterior face of the transducer (Fig. 19.1). So, focused 
ultrasound waves are capable of inducing sharp 
increases in temperature (70-100°C) in tissue within 
the focal area in a few seconds or less and consequently 
induce considerable tissue damage in the tissuc 
segment. The volume of tissuc destroyed by such a 
burst of ultrasound (shot) is termed an ultrasonically 
induced elementary lesion. In contrast with hyperther- 
mia blood flow, it only minimally affects the tempera- 
ture rise in such short time periods. Outside the focal 
region the second intensity is so low that the tissues in 
the intervening and immediate vicinity of the focal area 
remain entirely intact. To create an adequate lesion 
size, the elementary lesion comprising only a few mil- 
limeters is moved linearly under computer control by 
transducer movement. 


Techniques of HIFU treatment 


Standard pre-operative work-up should be performed 
including PSA, transrectal ultrasound, ultrasound 
guided prostate biopsies, and bone scan in case of PSA 
> 10 ng/ml. Patients receive colorectal preparation as 
for bowel surgery the day before HIFU treatment. The 
procedure is performed under general or spinal anes- 
thesia with the patient in the lateral position. A supra- 
pubic catheter will have to be inserted pre-operatively 
in all patients in order to guarantee adcquate urinary 
drainage. 

Two devices are currently available, the Ablatherm™ 
device (EDAP-Technomed, Lyon, France) and the 
Sonablate™ device (Focus Surgery USA). The 
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Fig. 19.2 The Ablatherm™ device (EDAP-Technomed, Lyon, 
France). 


Ablatherm™ device is equipped with a rectangular 
2.25 MHz therapy transducer and a 7.5 MHz endorec- 
tal biplane ultrasound scan probe (Kretz, Ziph, 
Austria) (Fig. 19.2). Focus peak is at 40 mm and 
lesions with a diameter of 1.6 mm and a variable 
length between 13 and 18 mm can be created. The 
Sonablate™ device has a 4 MHz therapy transducer 
with a focal peak at.3, 3.5, or 4 cm. With the patient in 
the lateral position, a treatment as well as an imaging 
probe are positioned rectally (Fig. 19.3). To create an 
adequate lesion size the elementary lesion comprising 
only a few millimeters is moved linearly step by step 
under computer control by transducer movement. One 
of the piezo-ceramic elements on the applicator oper- 
ates as a rectum wall distance controlunit and avoids 
accidentally focusing on the rectum wall. A continuous 
flow of a fluid, with a temperature of approximately 


Fig. 19.3 Introduction of the device. 


Prostate cancer 


18°C, through the balloon located around the probe 
should be accomplished in order to protect the rectal 
wall against too high temperatures. The procedure 
takes approximately 1 h/10 g prostate tissue treated. 
Patients can generally be dismissed the day after the 
treatment. During treatment, as well as post-opera- 
tively, generally no blood loss or other serious events 
occur. In most studies rectoscopy was performed post- 
operatively to assess possible damage to the rectal wall. 


Results of HIFU treatment 


Animal experiments 


In several animal studies since 1956, the anti-tumor 
effect of HIFU alone (16, 17) or in combination with 
chemotherapy (18, 19) has been demonstrated. 
Chapelon et al. studied the effects of HIFU in the 
Dunning R3327 system on the MatLyLu and AT-2 
sublines (20). Complete tumor destruction could be 
obtained in 61% of the MatLyl.u tumors and 96% of 
the AT-2 tumors. These studies suggest that HIFU is 
capable of destroying completely certain tumors. 
Margonari et al. described a cure rate of 64% in a rat 
model of prostate cancer with the tumor exteriorized 
and treated at 80°C (21). Foster et al., using the 
Sonablate™ (Focus Surgery USA), demonstrated the 
possibility of performing subtotal prostatic ablation 
with the present technology, destroying 90-95% of a 
canine (beagle) prostate (22, 23). However, even when 
a complete destruction could be seen in some studies, 
this was not obtained in all tumors treated. It may very 
well be that certain tumor cells are resistant to high 
temperatures. Another explanation may be that the 
tumor is not always exposed completely to the HIFU 
pulses or the effectiveness of cach pulse may vary: the 
penetration of the ultrasound could be reduced by the 
cavitation phenomena (15). 


Human studies: clinical and 
histopathological results 


The first clinical trials using HIFU in the treatment of 
benign prostatic hyperplasia began in 1992 at the 
University of Vienna, Austria (24, 25), followed by the 
Indiana University in 1993 performed by Bihrle and in 
Paris by Vallancien. Simultaneously, the first treat- 
ments of organ-confined prostate cancer were carried 
out by Gelet at Edouard Herriot Hospital in Lyon. 
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However, HIFU is nowadays no longer recommended 
for the treatment of benign prostatic hyperplasia. 
Although the subjective outcome was good, the objec- 
tive results were moderate only and a relatively long 
anesthesia time is required to achieve this. 

For use in prostate cancer, technical adaptations 
were necessary: an imaging probe with higher fre- 
quency and thus higher resolution was used and a 
more strongly focusing (larger) transducer. Vallancien 
et al. exposed human superficial bladder tumors to 
HIFU treatment with an extracorporcal firing head 
containing multiple piezoelectric elements focused at 
320 mm (26, 27). After 6 months four patients were 
free of tumor and two had a partial response. There 
were no side-effects noted from the treatment. 

Gelet et al. were the first to expose locally confined 
prostate cancers transrectally to 2.25 MHz HIFU in 14 
patients with T1-2 prostate tumors (15, 28). Patients 
were treated in two or three sessions under general or 
spinal anesthesia with two different transducers 
(35 mm or 45 mm focus). Treatment was performed 
using the Ablatherm® device (Technomed Medical 
System). The device combines a 2.25 MHz therapy 
transducer with a 7.5 MHz transrectal biplane ultra- 
sound scanning probe. Complications were seen in the 
first three patients treated with the 35 mm transducer, 
who developed a rectal burn. This complication did not 
occur in any of the patients treated with the 45 mm 
focused transducer. Three patients developed a tempo- 
rary stress incontinence and one a bladder neck steno- 
sis, managed endoscopically. Of 14 patients only four 
had normal sexual function before treatment, but this 
was lost aftcr bilateral treatment. The patients were 
followed with PSA monitoring and prostate biopsies. 
The mean PSA level before treatment was 12 ng/ml 
(Hybritech) and 9 months after HIFU exposure 
2.4 ng/ml. In seven of 14 patients no tumor was found 
at repeat biopsies. In two patients HIFU treatment was 
repeated after positive control biopsy. 

Very important work was done by Madersbacher et 
al, who generated marker lesions in 55 human 
prostates with transrectal HIFU using the Sonablate® 
prior to surgical removal (29, 31). All specimens were 
analyzed by whole-mount histological sections with 
volumetrical analysis of the arca of the necrosis. In all 
specimens, a HIFU-induced thermonecrosis was 
identified and the cross-sectional arca of necrosis was 
directly correlated to the power input and HIFU beam 
focal length (29). In 10 cases, HIFU was targeted at the 
hypocchogenic lesion and in three of 10 cases all malig- 
nant prostate tissue was destroyed. In the remaining 
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seven cases a mean of 53% (37-78%) of cancer was 
destroyed. 

To obtain a more detailed insight on the effect of 
HIFU-induced thermoablation on prostatic cells, the 
impact of heat on heat-shock protein (L1SP) 27 expres- 
sion of normal and malignant prostatic cells in vitro 
and in vivo was studied (32). This clearly demonstrated 
that benign and malignant human prostatic cells 
respond to heat by an increased expression of HSP27 
in vivo. Beerlage et al. (33) reported on 14 patients 
treated with HIFU using the Ablatherm® device 
(EDAP-Technomed, France) prior to radical prostatec- 
tomy. The mean age of the patients was 62 (range 
55-69) and PSA levels ranged from 3.5 to 20 ng/ml, 
with a mean of 10.8 ng/ml. The goal of the study was 
evaluation of the effect of HIFU and not complete 
treatment of the prostate, and thercfore one (part of 
one) lobe was treated only. In cases of unilateral tumor 
on biopsies, the lobe in which the tumor was confirmed 
was treated. Most procedures could be performed 
within 3 h, depending on the volume of the prostate. 
After 1-2 weeks a radical retropubic prostatectomy 
was performcd and the post-operative course was com- 
parable to that of patients not pretreated with HIFU. In 
six patients biopsies of the pelvic floor were taken to 
assess possible damage. No intra-operative complica- 
tions occurred during the HIFU treatments. Of the 14 
paticnts treated, eight reported urgency complaints 
after the treatment, four of whom needed spasmolytics. 
In the early post-operative phase, minor anal discom- 
fort was reported by all patients. On rectoscopy no 
serious side-effects could be noted and no rectal fistula 
was seen. Histology report revealed a pT2C in seven 
patients, a pI3A/B in three, and a pT4A in three 
patients. In one patient no tumor could be detected at 
all but diagnostic needle biopsy of this last patient was 
revised and undoubtedly showed a localization of 
adeno carcinoma (Gleason sum 3 + 3 = 6). In 13 out of 
14 cases vital tumor was seen outside the treatment 
area; moreover in four of 14 cases a small focus of vital 
tumor was seen on the dorsal side of the lobe that was 
treated with HIFU. Nevertheless a problem was noted 
concerning the dorsal aspect of the prostate of all 
patients on meticulous histological analysis of the spec- 
imen. In these patients small areas of incomplete necro- 
sis could be identified at the dorsal side of the prostate 
where vital glandular tissuc and in fur cases even vital 
tumor was seen (Fig. 19.2). Extension of HIFU effect 
into the proximal part of the seminal vesicles was fre- 
quently seen, also indicating that treatment beyond the 
anatomical borders of the prostate is feasible. In nine 
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out of 14 cases, extensive necrosis was seen in the 
lateral prostatic capsule and even beyond in the 
periprostatic tissue. In six cases biopsies of the pelvic 
floor were taken to establish any damage that might be 
inflicted on the pelvic floor. In one of these cases clear 
necrosis was scen, the other five showed vital muscular 
tissue. After the first report of the necrosis of the pelvic 
floor we decided to set the margin at 1 cm from the 
apex in order not to damage the pelvic floor. On histol- 
ogy, the distance between the HIFU effect and the 
resection margin however was 3—4 mm only, indicating 
that the HIFU effect is spreading beyond the target arca 
probably duc to heat conduction. 

The pathological aspects of these series were cxten- 
sively studied as well. The prostatectomy specimens 
were formalin fixed and cut in 6-10 slices of 0.4 cm. 
Slides of 4 um were stained with haematoxylin and 
cosin (HE). The HIFU effect, which could accurately be 
recognized on macroscopy as a dark-red discoloration, 
was mainly located at the dorsal side of the treated 
lobe, which was the target arca, and a sharp delin- 
cation could be noted between the necrotic and the 
adjacent vital tissuc. This discoloration correlated very 
well with the coagulative and hemorrhagic necrosis 
that was seen on microscopy in the areas treated with 
HIFU, with desquamation of epithelium into gland- 
lumina. The overlap betwecn the HIFU ‘shots’ was 
complete, since no areas of vital tissue embedded in the 
haemorrhagic necrosis were seen. In six prostates, 
glands without histologically apparent necrosis were 
seen within the HIFU treated area. These glands 
reacted with antibodies to pancytokeratin, PSA, and 
Ki67. However, they did not express cytokeratin 8, 
indicating severe cellular damage. Ultrastructural 
examination revealed desintegration of cellular mem- 
branes and cytoplasmatic organells. In four patients, 
vital appearing prostatic glands werc demonstrated at 
the dorsal side of the prostate within the treated area, 
indicating incomplete tissue destruction. 

Two centers have now started to offer HIFU treat- 
ment to patients with localized prostate carcinoma who 
are unfit for surgery. In Miinich, Germany, 143 HIFU 
treatments have been reported on 111 patients with 
biopsy proven prostate carcinoma, clinical stage T1-3, 
Nx, MO, and a PSA < 25 ng/ml (Abort IMX) (34, 35). 
All patients were not fit for radical prostatectomy or 
were not willing to undergo the operation but had a 
life-expectancy exceeding 5 years. The main goal in this 
group of patients was to prevent local problems and to 
defer hormonal treatment. An informed consent was 
acquired in every case. The first 65 treatments in 49 
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patients were performed sclectively, meaning that a 
unilateral or bilateral treatment in one or two sessions 
was fulfilled depending on findings on transrectal ultra- 
sound and biopsies. After analysis of the results of the 
first group during the second 78 treatments, in 62 
paticnts the whole prostate was treated (global treat- 
ment) and in 60% of cases PSA < 4 ng/ml and a nega- 
tive control biopsy was achieved (Table 19.1). No 
serious intra-operative problems arose but 13 patients 
developed a complication post-operatively. Three 
patients acquired a recto-urethral fistula that could be 
solved with transurethral fibrine gluing in two cases. In 
another patient, a urcthral stenosis occurred for which 
a urethral stent was inserted. Nine patients developed 
stress incontinence that could be managed successfully 
by pelvic floor exercise or with collagen injection. Most 
patients were over 70 years of age and had erectile dys- 
function already. Only a very small minority had intact 
erections. Of this last group, patients who were treated 
unilaterally all regained their erections, whercas 
patients who were treated globally all lost their crectile 
function, Response to treatment was divided into four 
categories. A (complete responder): negative biopsies 
and a PSA < 4 ng/ml; B (partial responder): patients 
with PSA > 4 ng/ml and negative biopsies; C (partial 
responder): patients with PSA < 4 ng/ml and positive 
biopsics; and D (failure): patients with PSA > 4 ng/ml 
and positive biopsics. All patients treated have under- 
gone at least one complete follow-up evaluation, 
including biopsies, digital rectal examination, transrcc- 
tal ultrasound, and PSA measurement. The mean 
follow-up is 12 months up to now (range 6-27). The 
results are summarized in Table 19.1. 

In areas with negative biopsies pre-HIFU, which 
were excluded from treatment in the beginning (selec- 
tively treated group), control biopsics showed cancer 


Table 19.1 Clinical results of HIFU treatment 

Selective Global 
Biopsy negative 
PSA < 4 ng/ml (A) 25% 60% 
Biopsy negative 
PSA > 4 ng/ml (B) 3% 8% 
Biopsy positive 
PSA < 4 ng/ml (C) 37% 26% 
Biopsy positive 
PSA > 4 ng/ml (D) 35% 6% 
Local control 
(A+B+C) 65% 94% 
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spots in 58%. This was considered to be a diagnostic 
failure (understaging) and the patients were treated 
with a second HIFU session. Biopsies performed 1 and 
3 month post-HIFU showed (residual) cancer spots in 
the selectively treated group in 72% of cases and in the 
completely treated group in 32%. The biopsies clearly 
showed that in the most dorsal, as well as in the 
ventral, parts of the prostate no complete necrosis 
could be achieved. Patients with complete treatment 
had significantly better results than the partially treated 
patients. Local control of prostate cancer, meaning 
complete or partial response, could be achieved in the 
group with complete treatment in 94%, in the partially 
treated patients in 65%. It is obvious that the results of 
the completely treated group are much better than the 
selectively treated group, with a PSA nadir < 0.5 ng/ml 
in 55% versus 19%, respectively. 

Gelet et al. performed a total of 113 transrectal high- 
intensity focused ultrasound sessions in 50 patients 
with localized prostate cancer, who were not suitable 
candidates for radical prostatectomy (36). Of these 
patients, two underwent salvage ultrasound treatment 
for locally recurrent cancer following definitive radia- 
tion therapy. Median followup was 24 months (range 
3-46). Control parameters were changes in PSA and 
random control sextant biopsies at 1-3, 3-12, 12-24, 
24-36 and 36-48 months. Group 1 (complete 
response) included 28 patients (56%) with no residual 
cancer and PSA less than 4 ng/ml. (mean 0.93), group 2 
(biochemical failure) included three patients (6%) with 
no residual cancer and PSA greater than 4 ng./ml. 
(mean 6.22), group 3 (biochemical control) included 
nine patients (18%) with residual cancer (mean posi- 
tive biopsy 1.1 of 6) and PSA Icss than 4 ng./ml. (mean 
0.90), and group 4 (failures) had 10 patients (20%) 
with residual cancer (mean positive biopsies 1.9 of 6) 
and PSA greater than 4 ng./ml. (mcan 8.9). Of the 10 
cases in group 4, hormone therapy was required in 
three and radiotherapy in five. They concluded that 
morbidity associated with high-intensity focused ultra- 
sound treatment is currently minimal and local control 
of the localized prostate cancer was observed in groups 
80% of cases. 


Discussion 


The question arises why we need alternative (minimally 
invasive) treatment options for localized prostate carci- 
noma when we have a very good treatment at hand, 
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namely radical prostatectomy. Radical prostatectomy 
neverthcless is a considerable surgical procedure requir- 
ing a relatively long hospital admission. In general uro- 
logical practice, incontinence rate after radical 
prostatectomy will be 5-10%, while impotence rates 
will exceed 50% (37, 38). Another problem is the fact 
that due to difficulties in pre-operative staging, roughly 
50% of patients with clinically localized prostate 
cancer are found to have locally advanced disease on 
final pathology (39). The latter group can not be con- 
sidered to be operated curatively and progression will 
occur often in spite of the major surgery they endured. 
In search of alternative treatment options for localized 
prostate carcinoma, two critical issues concerning 
treatment safety are at stake. First of all the safety of 
the procedures in the sense of efficacy, meaning cancer 
control, is critical and it should at least be comparable 
to the results of the ‘gold standard’. Second, the side- 
effects of the treatment will have to be considerably 
fewer than those caused by radica! prostatectomy. 

In the process of evaluating and improving the treat- 
ment, however, it is crucial to acquire exact histologi- 
cal data of the cffect of HIFU on human prostate in 
vivo. The only reliable way to achieve this, in our view, 
is to do radical prostatectomy after the treatment and it 
is of the utmost importance to perform a meticulous 
analysis of the pathology specimen, In other alternative 
treatments, like radiotherapy, brachytherapy, and 
cryosurgical ablation of the prostate, this was never 
done. Before embarking on a new therapeutic modal- 
ity, its precise effects on prostatic tissue in vivo should 
absolutely be known. 

Because prostate carcinoma is a multi-focal discase 
by naturc, the whole prostate has to be treated always, 
and treating the hypoechoic lesion or the peripheral 
zonc only is insufficient by definition. Hormonal pre- 
treatment may bce useful in larger prostates, especially 
since reduction of target volume may increase the 
efficacy of the procedure. Ideally in these alternatives 
one should be able to predict the lesion size and to 
monitor the effects during treatment. Becrlage et al. 
(33) demonstrated in their study the critical issues at 
stake. The histological data show that extensive and 
complete coagulative necrosis of prostatic tissue can be 
achieved in the treated area, indicating that overlap 
between ‘shots’ is sufficient. When aiming at curative 
treatment, however, the whole prostate has to be 
treated, since multi-focality is very frequently a feature. 
In order to achieve complete treatment of the ventral 
part, technical modifications of the device like 
increased focal length or development of a multi-focus 
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treatment probe is required. On the other hand, down- 
sizing the prostate in cases of large volume gland by 
hormonal pretreatment may be helpful as well. A 
number of important problems, however, have to be 
solved and questions remain to be answered. The 
present inability of HIFU to treat the dorsal part of the 
prostate completely, as the histological as well as clini- 
cal data of Beerlage et al. (33) clearly demonstrated, is 
a major drawback. This is very worrying since vital 
prostatic tissue was seen here, which is obviously unac- 
ceptable. The explanation for this phenomena is multi- 
ple: the software was developed to deliver the energy 
with such a safety margin that changes of damage to 
the rectal wall are minimal to prevent rectal fistulas; 
the configuration of the focus is ‘cigar like’ and the 
energy is maximal in the center of the ‘cigar’ lcaving 
small areas between the ‘cigar tips’ at risk for incom- 
plete destruction; finally, the rectal wall was cooled 
with a fluid inside the balloon covering the treatment 
device. Because of the cooling effect, the conduction of 
heat may not be as good as in the rest of the prostate 
causing less ‘overlap’ leading to persisting vital tissue. 
However, adjusting the cooling temperature theoreti- 
cally increases the risk for rectal injury. The distance 
between prostatic capsule and rectal mucosa is minimal 
and it may very well be that complete treatment of the 
dorsal part of the prostate without rectal damage is 
possible only when this distance is enlarged, for 
instance by injection of fluid or placement of a balloon 
to be filled with fluid, hetween Denonvillicrs layers. It 
is probably the combination of the three effects that 
causes the incomplete tissue destruction. On the one 
hand, the safety of the rectum is of course very impor- 
tant but, on the other hand, we should be absolutely 
sure that no vital prostatic tissuc remains after the 
treatment. A solution for this problem would be an 
overlap of the treated arcas in such a way that the 
dorsal aspect could be treated completely without com- 
promising the rectal wall. Further software adaptation 
will be necessary to achieve this. Another possibility is 
increasing the distance between prostate and rectal 
wall, as was mentioned above, allowing more complete 
treatment of the dorsal part of the prostate without 
damaging the rectal wall. 

Another important problem is the fact that the 
ventral part of the prostate cannot be reached at this 
moment due to a restricted focal length. Although most 
tumors will be located in the dorsal part, in a consider- 
able number of cases the ventral part is affected also 
and should absolutely be treated as well. The develop- 
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ment of a multi-focal probe will have to provide the 
solution for this problem. 

An other major concern, finally, is the issue of target- 
ing. In all patients, an attempt was made to destroy the 
lateral border of the prostate, but in only six out of 
nine was this completely achieved, and in three 
paticnts, with prostates larger than 40 cm’, only partly 
(33). This means that the effect with respect to the 
lateral border is in some cases smaller than was 
planned during treatment. On the other hand, in three 
patients in which they intended to treat with a margin 
of 10 mm from the apex on pathology, a 3-mm margin 
only was found in one case and a 4-mm margin in two. 
This means that the effect of HIFU was more profuse 
than planned, probably due to heat conduction. The 
fact that necrosis was found in pelvic floor biopsies in 
one of the patients points in the same direction. It is of 
course very important that the planned target and the 
HIFU effect on histopathology match exactly in order 
to destroy all prostatic tissue completely without 
unwanted damage to the neighboring structures. 


Conclusions 


The trend toward minimal invasive treatment that can 
be seen in the management of BPH, has merged in the 
approach of localized prostate carcinoma since early 
clinical stages are more frequently detected. HIFU pro- 
vides a very interesting concept in the treatment of 
prostate carcinoma. The advantages of the technique in 
the treatment of prostate carcinoma arc that it is rela- 
tively non-invasive, requires a short hospital stay only, 
can be repeated easily, and another form of therapy can 
be applied should this treatment fail. Preliminary results 
of HIFU treatments in patients unfit for surgery suggest 
a rather high failure rate but a larger scries of patients 
and better patient selection is mandatory before definite 
conclusions can be drawn. Exact targeting is imperative 
in order to treat the whole prostate without damaging 
the rectal wall and this ultimate goal provides a truly 
technical challenge. At the moment improvements to 
HIFU are made in two ways. First, a multi-focal probe is 
under development, enabling treatment of the ventral 
part of the prostate as well. Second, injection of fluid in 
the layer between the rectal wall and the prostate will 
make adequate treatment of the dorsal border of the 
prostate possible without damaging the rectum. 

HIFU may provide a valuable alternative in the treat- 
ment of prostate carcinoma but should for now be con- 
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sidered as a promising therapy that needs more evalu- 
ation. A longer follow-up is mandatory before deter- 
mining its place in the treatment of localized prostate 
carcinoma. Until then HIFU should be considered 
experimental and should be performed in strictly con- 
trolled trials with accurate follow-up only. 
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Neoadjuvant hormonal therapy prior to 


radical prostatectomy: promises and 


pitfalls 


Martin E. Gleave and S. Larry Goldenberg 


Introduction 


The goal of radical prostatectomy is complete removal 
of all cancer cells. Unfortunately, even in carefully 
selected patients, up to two-thirds of clinically-confined 
tumors are understaged, and positive margin rates of 
30-60% are reported following radical prostatectomy 
(1-3). Although higher tumor stage, grade, and pre- 
operative serum PSA levels correlate with higher patho- 
logic stage and risk of disease recurrence, prognostic 
variables are limited in their ability to independently 
and individually predict pathologic stage and risk of 
recurrence (4-6). In order to optimize outcomes from 
radical prostatectomy, only men with low-risk tumors 
(T1 or T2a, Gleason score < 6, serum PSA < 10 ug/l) 
were traditionally considered ideal for cure by surgical 
intervention. Thus, ideal candidates for radical prosta- 
tectomy are men with the highest probability of being 
cured by the operation. Indeed, cure rates following 
radical prostatectomy alone exceed 80% in men with 
low-risk tumors (7, 8). However, radical therapy may 
represent overtreatment in some of these men because 
of the indolent natural history of low risk disease (9). 
In contrast, most men with high-risk localized tumors 
(> T2b, Gleason score > 7, PSA > 10 ug/l) and life 
expectancies > 10 years will die of their disease if they 
are not treated with curative intent (9). High-risk 
tumors exhibit a more aggressive natural history and 
have higher positive margin and recurrence rates after 
radical prostatectomy or radiotherapy alone, where 
unimodality therapy likely represents undertreatment 
(4-9). Paradoxically, the therapeutic ratio (patients 
who actually realize a survival benefit from a therapeu- 
tic intervention) may therefore be greater in high-risk 


disease if its natural history can be altered by multi- 
modality therapy. It is important, therefore, to investi- 
gate therapies that optimize complete extirpation of all 
cancer cells and reduce the incidence of positive surgi- 
cal margins and disease recurrence. 

The term adjuvant therapy refers to the use of sys- 
temic therapy after management of localized disease 
when risk for recurrence is known to be high. 
Chemotherapy regimens can cure some patients when 
used in the adjuvant setting, even though the same 
regimen fails to alter the natural history of established 
metastatic disease. Experimental animal model and 
early clinical trial data suggest that administration of 
systemic therapy is more likely to affect cure when 
tumor burden is low (10). Neoadjuvant therapy 
extends this logic further by applying systemic therapy 
earlier in the course of the disease prior to definitive 
locoregional therapy. The aim of neoadjuvant hor- 
monal therapy (NHT) prior to radical prostatectomy is 
reduction of positive margins rates and ultimately 
decreased disease recurrence. The role of NHT prior to 
radical prostatectomy is controversial, as some clini- 
cians argue that down-sizing occurs without downstag- 
ing and any apparent downstaging results from 
difficulty in pathologic cvaluation of the ncoadju- 
vantly-treated prostatectomy specimen (11, 12). Others 
further argue that short-term follow-up from random- 
ized studies comparing 3 months of neoadjuvant 
therapy ro surgery alone show no difference in bio- 
chemical recurrence rates (13). However, NHT has 
many attractive theorctical features and research in this 
area is justihed and important. The purpose of this 
chapter is to review the rationale behind NHT, critique 
the randomized studics of 3 months of therapy, and 
examine the optimal duration of therapy. 
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Rationale behind neoadjuvant 
therapy prior to radical 
prostatectomy 


High positive margin rates following radical 
prostatectomy. 


Although higher tumor stage, grade and pre-operative 
scrum PSA levels corrclate with higher pathologic 
stage, no prognostic variable exists that can be applied 
independently and individually to predict pathologic 
stage (4). Up to two-thirds of clinically-confined 
tumors are understaged, and positive margin rates of 
30-60% are reported following radical prostatectomy 
(1-3). Incomplete excision places the patient at higher 
risk of disease recurrence (5-8). Selection of patients 
who are most likely to benefit from NHT remains criti- 
cal; NHT is less likely to alter outcome in most low- 
risk tumors (PSA < 10 ug/l, Gleason score < 6, stage 
T1C), since most of these patients do well with surgery 
alone. In contrast, men with high-risk localized tumors 
(PSA > 10 ug/l, Gleason grade > 7) are at significant 
risk for positive margins and PSA recurrence. Patients 
with positive margins are often offered post-operative 
radiation therapy to consolidate local therapy, which is 
associated with increased risk of urinary incontinence, 
impotence, and anastomotic strictures. It is therefore 
important to investigate combinations of therapies that 
optimize complete extirpation of all cancer cells and 
reduce the incidence of positive surgical margins. 


Reversible androgen-suppression therapy 


The development of potent, well-tolerated, and 
reversible agents for androgen-ablation therapy pro- 
vides a safe method for inducing prostate cancer cell 
death and tumor regression prior to radical prostatec- 
tomy. Several classes of drugs induce castrate levels of 
testosterone through suppression of LH release from 
the pituitary gland. Diethylstilbestrol (DES) suppresses 
hypothalamic releasc of LHRH, and also increases 
testosterone binding globulin (TeBG), which decreases 
free serum testostcrone. DES is the least expensive of 
the synthetic estrogens and castrate testosterone levels 
are achieved at doses of 1 mg daily (14). Its main 
advantage is its low cost, but this must be weighed 
against increased risk of thromboembolic and cardio- 
vascular complications. Lutcinizing-hormone-releasing 
hormone (LHRH) agonists include goserclin and 
leuprolide (available as 1 or 3 months depot injec- 
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tions), and buserclin (2 months depot formulation). 
Pulsatile release of LHRH from the hypothalamus nor- 
mally stimulates LH rclease from the pituitary but 
when this periodicity is cffaced by continuous adminis- 
tration of LHRH-agonists, the pituitary becomes 
refractory to hypothalamic regulation. LHRH-agonists 
produce a biphasic response with an initial rise in LH 
and testosterone, termed the ‘flare phenomenon’, fol- 
lowed in 2 weeks by a fall in LH and testosterone. 
Although LHRH-agonists appear equivalent to DES 
and orchiectomy, the presence of the flare compromises 
the efficacy of LHRH -agonist monotherapy (15, 16). 
The flare reaction is prevented by cyproterone acetate 
or DES one week prior to the LHRH-analogue, or 
blocked by non-steroidal anti-androgens like flutamide 
or bicalutamide. 

Prostate tumor cell death, not just tumor shrinkage, 
occurs following medical castration. Apoptosis, or pro- 
grammed cell death, occurs in normal, benign hyper- 
plastic, and malignant prostatic epithelial cells by any 
procedure that results in castrate levels of testosterone 
(17-19). Apoptotic cell death appears to be a ‘genetic 
suicide’ process that requires activation of a series of 
genes and is characterized morphologically by 
shrunken cells with condensed and fragmented nuclei 
(apoptotic bodies). Initiation of apoptosis may, in part, 
be cell-cycle specific or regulated by epigenetic factors 
and may thercfore begin at different times in different 
populations of cells. Maximal apoptotic regression of 
ventral rat prostate glands and Shionogi tumors is com- 
plete within 1-2 weeks following castration (19); 
however, timing of apoptosis has not been well charac- 
terized in benign or malignant human prostate tissue 
and likely takes place over a longer period of time. 


Sensitivity of soft tissue disease to androgen 
withdrawal 


Clinical observations suggest that soft-tissue metastases 
respond more favorably to androgen ablation with 
more frequent and durable complete responses than do 
osscous metastases (20-22). Patients with stage D2 
lymph node-only disease have a median survival more 
than twice that of patients with D2 osseous disease 
(21). Adjuvant androgen-ablation therapy following 
radical prostatectomy in patients with regional lymph 
node metastases results in long-term (15 year) survival 
in 30%, which suggests that a significant proportion of 
patients with low-volume soft-tissue metastases may be 
cured with surgery and immediate androgen ablation 
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(22). One would anticipate that a similar proportion of 
patients with pathologically localized tumors and 
unrecognized subclinical metastases, which would ulti- 
mately recur after radical prostatectomy alone, may 
also be cured by NHT as long as the course of therapy 
is long enough. 


Availability of PSA as a marker of tumor 
regression 


PSA gene expression is androgen-regulated and serum 
PSA levels are dependent on both androgen levels and 
tumor volume (23, 24). After institution of androgen- 
ablation therapy, serum PSA levels decrease rapidly 
and dramatically due to cessation of androgen-regu- 
lated PSA gene expression and apoptosis. Although 
significant down-sizing occurs after 3 months of 
therapy, serum PSA does not reach undctectable levels 
after 3 months in most patients, which suggests that 
optimal duration of NHT may be longer than 3 
months. Maxima! tumor regression is likely signaled by 
PSA when it reaches its nadir level. Changes in serum 
PSA following NHT provide objective biochemical 
information that reflects tumor response and may iden- 
tify patients not responding favorably. 


Animal-model studies 


Androgen withdrawal in the Shionogi tumor model 
precipitates apoptosis and tumor regression in a highly 
reproducible manner with up to a 2-log cell kill, but 
despite undergoing complete regression, androgen- 
independent tumors recur after 1 month (22). 
Conceptually, the ideal time to implement curative 
therapy is after maximal castration-induced tumor 
involution but before outgrowth of androgen-resistant 
clones. Experiments were designed to determine 
whether local recurrence rates after tumor excision 
were reduced by neoadjuvant compared to adjuvant 
androgen ablation (25). Group 1 underwent tumor 
excision with wide margins and castration upon tumor 
recurrence, while Group 2 were treated with neoadju- 
vant castration for 10 days followed by wide excision 
of the regressed tumor. Tumor-free survival was 
significantly greater in Group 2 (56% vs. 20%, P < 
0.05; Fig. 20.1). These animal studies demonstrate that 
neoadjuvant therapy reduccs local recurrence and posi- 
tive margin rates by 50%. Although this model cannot 
address the issue of affect of NHT on subclinical 
metastases, extrapolation of these results to the clinical 
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Fig. 20.1 Neoadjuvant castration reduces local recurrence 
rates in the Shionogi tumor model. Tumors werc allowed to 
grow to 1-2 g before mice were randomized to cither tumor 
excision with wide margins and castration upon tumor recur- 
rence (Group 1), or ncoadjuvant castration for 10 days fol- 
lowed by wide excision of the regressed tumor (Group 2). The 
study endpoint was androgen-independent tumor recurrence, 
which occurred in 80% of Group 1 after a median of 36 days 
and 44% of mice in Group 2 after a median of 42 days. 


disease suggests that NHT may help to reduce not only 
the positive margin rates but also the subsequent risk 
of local recurrence following radical prostatectomy. 


Clinical studies with short-term 
neoadjuvant therapy 


Most studies have chosen, somewhat empirically, 3 
months of NHT. Useful surrogate endpoints to assess 
the efficacy of NHT prior to radical prostatectomy 
include serum PSA nadir levels prior to surgery, patho- 
logic stage and positive margin rates, and most impor- 
tantly, serum PSA recurrence rates following surgery. 


Non-randomized clinical studies 


Most non-randomized studies report decreases in 
serum PSA, prostatic volume, and positive margin rates 
following 3 months of NHT (Table 20.1). These 
studies do not report on time to PSA nadir or absolute 
PSA nadir levels. Soloman et al. (26) reported on the 
largest phase Il series of 156 patients with T2/T3 
tumors treated with between 3 and 6 months of an 
LHRH agonist plus flutamide. Positive margin rates 
were 11.5%, compared to 35% in historical controls, 
but no post-operative follow-up data has been 
reported. Investigators at Memorial Sloan Kettering 
Cancer Center have conducted a series of studies begin- 
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Table 20.1 Nor-randomized studies of short-term neoadjuvant hormone therapy 

Sample Clinical Serum Duration Positive 
Investigator (Ref) size stage PSA* of NHT margin rate Follow-up 

(months) 

Soloman et al, 1993 (26) 156 T2/T3 NA 3-6 11.5% NA 
Aprikian et al. 1994 (27) 55 T3/T2b 20.4 (median) 3 (median) 33% 62%/26 months 
Häggman ef al. 1993 (32) 40 T2/¥3 NA 3 31% 15%/3 months 
Schulman 1993 (31) 40 T2/T3 NA 3 (mean) 32% NA 
Fair et al. 1993, 1997 (28, 29) 74 T2 8.7 (median) 3 10% 18%/48 months 
Soloway 1993 (34) 37 T3/T2b NA 3 (median) 40% 26%/33 months 
McFarlane 1993 (11) 22 13/T2b 14.8 3 32% NA 
Oesterling 1993 (12) 22 T3/T2b 30 1.5 68% NA 


* Pretreatment serum PSA (jg/l). 


ning with a report by Aprikian et al. (27), which sug- 
gested that most patients with locally advanced cT3 
tumors did not benefit from between 2 and 8 months 
of neoadjuvant DES. A subsequent phase LI study of 
141 patients with cT1 or cT2 tumors reported 
significant decreases in serum PSA (> 98%) and a 38% 
decrease in prostatic volume after 3 months of LHRH 
agonist with flutamide (28). Pathologic staging revealed 
increased organ-confined rates (74% vs. 49%) and 
decreased positive margin rates (10% vs. 33%) when 
compared to a group of 72 concurrent controls who 
did not receive NHT. However at 48 months follow- 
up, no differences in PSA recurrence rates were appar- 
ent (29). Several smaller non-randomized studies by 
Sassine and Schulman (30, 31) and by Häggman et al. 
(32) also reported 40-50% decreases in positive 
margin rates when groups of patients pretreated with 3 
months of NHT were compared to historical controls. 
In contrast, reports on small cohorts of patients with 
cT2 or cT3 tumors by McFarlane et al. (12) and 


Oesterling et al. (13) suggested no improvement in 
pathologic outcome following short-term NHT. It is 
apparent from these non-randomized studies (reviewed 
in Table 20.1) that outcome (pathologic stage, positive 
margin rates, and risk of PSA recurrence) is dependent 
on many factors including proportion of T3 tumors 
and other high-risk features, length of post-operative 
follow-up, and time-period during which the study 
accrued (stage migration towards earlier diagnosis 
began in early 1990s). Conclusions from such studies 
must be drawn with caution, but taken together, the 
results suggest that 3 months on NHT results in 
encouraging pathologic effects and led to initiation of 
phase IIT randomized studics. 


Randomized clinical studies 


To date, seven phase IIT randomized studies compar- 
ing 0 vs. 3 months of NHT have been published 
(Table 20.2) (33-39). The primary endpoint in all these 


Table 20.2 Randomized studies of short-term neoadjuvant hormone therapy 


Sample Clinical Type Change in Change in Positive 

Investigator size Stage of NHT serum PSA TRUS volume margin rate 
Labrie et al. 1995 (33) 161* T2/T3 3monthl.+F NA NA 8% vs. 34%T 
Soloway et al. 1995 (34) 303 T2b 3monthL+F 14.3to<.5in70% 44to35cm> 18% vs. 48%t 
Van Poppel et al. 1995 (35) 130 T2b/13 6 week E.P. 14 to 1.0 ug/l 43to29cm> 20% vs. 46%! 
Goldenberg et al. 1996 (36) 213 T1/T2 3 month CPA  13to1.1 ug/l 43 to 33cm? 28% vs. 65%! 
Fair and Kara et al. 1997 (37) 148 T1/T2 3monthG+F 8.9to NA 18% vs. 37%! 
Witjes et al. 1997 (38) 354 T2/T3 3monthG+F 2010 0.8 ug/l 38 t0 27cm? 27% vs. 46%t 
Hugosson et al. 1996 (39) 111 T1-T3a 3monhT+C NA NA 23% vs. 41%t 


* 30 patients refused randomization and were included in the NHT arm. 
t Statistically significant difference in primary endpoint. 
* Statistically significant difference only in T2 patients. 

L + F = leuprolide acetate plus flutcamide; G + F = goserelin plus flutamide; CPA = 300 mg cyproterone acetate daily; 
E.P. = estramustine phosphate; T = triptorelin plus cyproterone acetate 50 mg bid. 
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trials was incidence of positive margin discase. All 
seven of these studics demonstrate significant decreases 
in positive surgical margins after 3 months of NHT, 
reporting decreases ranging from 34-65% to 8-28%. 
These studies do not report on time to PSA nadir or 
absolute PSA nadir levels. Soloway et al. (34) published 
the results of a multicenter randomized study compar- 
ing 0 vs. 3 months of leuprolide and flutamide prior to 
radical prostatectomy. Positive margin rates decreased 
from 42% in the control group, to 17% in the NHT 
group. Organ-confined disease (pT2) was reported 
twice as frequently in the NHT group (53%), com- 
pared to the surgery alone group (22%). Similarly, a 
randomized multicenter trial by the Canadian Uro- 
Oncology Group (CUOG) using 3 months of cypro- 
terone acetatc, also reported a 50% reduction in 
positive margin rates (65% vs. 28%) and doubling of 
the organ-confined rate (20% vs. 42%) (36). Fair and 
Kava (37) reported results of a recent randomized trial 
comparing 0 vs. 3 months of neoadjuvant therapy 
(LHRH plus flutamide) in 148 patients with clinically 
confined prostate cancer. Overall, the incidence of pos- 
itive margins decreased from 37% to 18% (P < 0.05). 
The decrease in positive margins was even greater 
in high-risk patients with pretreatment PSA levels 
> 10 ug/l (63% vs. 18%), suggesting that these men 
may be the most likely to benefit from noeadjuvant 
therapy. In the Belgian study, no difference in positive 
margin rates was observed using only 6 weeks of estra- 
mustine phosphate when all patients were considered 
(40.5% vs. 46.5%); however, when only T2 patients 
were considered, there was a statistically significant 
decrease in positive margin disease (35). 

Consistent observations from these randomized 
studies using 3 months of NHT include > 90% 
decrease in serum PSA levels, 30% decrease in prostatic 
volume, 50% decrease in positive margin rates in cT1 
or cT2 (but not cT3) disease, higher organ-confined 
rates, and no difference in incidence of seminal vesicle 
involvement or positive lymph nodes. 

Caution is required, however, when interpreting 
studies using pathologic stage as an endpoint despite 
apparent encouraging results reviewed above. The 
ability of NHT to reduce biochemical and local recur- 
rence is the ultimate goal and this has not yet been 
determined becausc of lack of long-term follow-up of 
the randomized studies. Soloway et al. (40) recently 
reported 24-month follow-up data on 256 evaluable 
patients in the US Intergroup Study and found that 
21% of the NHT group compared to 21.6% of the 
surgery alone group had PSA levels > 0.4 ug/l (P = 
0.473). Similarly, the CUOG study has not demon- 


281 


strated any difference in PSA recurrence rates at 24 
months follow-up, with recurrence rates of 22% and 
25% in the control and NHT arms, respectively (41). 
There are several possible reasons for lack of apparent 
difference in PSA recurrence rates despite favorable 
changes in positive margin rates. First, and most 
important, the sample size of these studies was based 
on detecting differences in positive margin rates (where 
the number of events in the control arm is > 40%), and 
therefore the studies are not large enough to have the 
statistical power necessary to detect significant differ- 
ences in biochemical recurrence rates (where the 
number of events in the control arm is < 25%). Second, 
follow-up is short and any benefit from NHT may only 
become apparent after longer follow-up. Patterns of 
failure following radical prostatectomy suggest that 
early failures (i.c. < 2 years) are more often distant, 
while most local failures (i.e. those most likely to be 
affected by NHT), do not become manifest until 3 or 
more years after surgery. Third, approximately half the 
patients in these studies had low-risk tumors (Gleason 
< 6, PSA < 10 ug/l) with a very low risk of PSA recur- 
rence after radical prostatectomy (10-20%), which 
could dilute any potential benefit from NHT. Finally, 
there may be a true lack of benefit from 3 months of 
NHT, either because of an error in application (i.e. the 
duration of NHT was too short), or concept (i.e. no 
matter how NHT is applied, it will not alter recurrence 
rates). 


Clinical studies with long-term 
neoadjuvant therapy 


Serum PSA levels decrease rapidly and dramatically 
after institution of androgen withdrawal therapy due to 
cessation of androgen-regulated PSA gene expression 
and apoptosis (23, 24). Although the molecular events 
regulating apoptosis arc becoming better understood, 
the timing (in terms of initiation at the molecular/cellu- 
lar level and completion at the tumor population level) 
of castration-induced apoptosis of prostate carcinoma 
cells remains poorly defined, but is likely to be an asyn- 
chronous event initiated at variable times in a heteroge- 
neous tumor population. Timing of apoptosis is 
difficult to characterize in human prostatic tumors 
because of the absence of appropriate animal-model 
systems, and because serial or comparative immunos- 
taining of biopsies for apoptotic bodies inconsistently 
detects uncommon events that exist for relatively short 
periods of time. Although down-sizing occurs after 3 
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months of NHT, serum PSA has not reached unde- 
tectable levels in most patients after this period of time. 
Ongoing decreases in serum PSA after the second 
month of therapy are not duc to further decreases in 
PSA gene expression and synthesis because changes in 
gene expression occur rapidly and reach basal levels 
shortly after testosterone reaches castrate levels (42). 
Therefore, decreases in serum PSA after the second 
month are likely to reflect an ongoing imbalance 
between apoptotic prostate cpithelial-cell death and 
decreased tumor-cell proliferation, which leads to 
further reduction in tumor volume. These observations 
suggest that optimal duration of NHT may be longer 
than 3 months. 

To study the optimal duration of NHT, a prospec- 
tive, phase IT trial was initiated to determine the dura- 
tion of NHT required for PSA to reach its nadir, and to 
characterize the pathologic effects of 8 months of 
androgen-withdrawal therapy (43). To date, 150 
patients with clinically localized prostate cancer have 
been treated, and the results of the first 100 patients 
have been previously reported (44). Surrogate end- 
points used to assess the effects of longer duration 
NHT include changes in serum PSA levels, effects on 
pathologic stage, positive margin rates, and prolifera- 
tion marker immunostaining, and most importantly, 
serum PSA recurrence rates following surgery. 
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Changes in scrum PSA 


Different rates of PSA decline after institution of 
therapy produces two distinct slopes: a precipitous 
drop during the first month and a more gradual subse- 
quent decreasc, which continued into the eighth month 
of therapy (Fig. 20.1). Serum PSA decreases an average 
of 80-90% during the first month of therapy and a 
further 50% between the third and eighth months of 
NHT. The initial rapid decrease in PSA results from 
cessation of androgen-regulated PSA synthesis and 
apoptosis, while the ongoing slower decline likely 
reflects decreasing tumor volume. When the data are 
plotted on a log-scale, decreases in PSA follow first- 
order kinetics with exponential decline to nadir levels 
(Fig. 20.2(a)). Serum PSA decreases to undetectable 
levels or reaches nadir levels in 34% of patients after 3 
months, 60% after 5 months, and 84% after 8 months. 
Using an ultrasensitive assay (Abbott IMX) that detects 
PSA levels as low as 0.07 ug/l, time to PSA nadir was 
delayed even further with only 22% of patients reach- 
ing their PSA nadir at 3 months, 42% at 5 months, and 
84% after 8 months of therapy (Fig. 20.2(b)). After 8 
months of neoadjuvant therapy, scrum PSA levels were 
> 0.5 ug/l in 18% of patients, < 0.4 ug/l in 82% of 
patients, < 0.3 ug/l in 76% of patients, and < 0.2 ug/l 
in 66%. 


Serum PSA (ug/1) 


0.001 
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Fig. 20.2 (a) After initiation of androgen-withdrawal therapy, serum PSA levels decrease exponentially, falling 80% after the 
first month of therapy and a more gradual 50% between the third and eighth months of neoadjuvant therapy. Mean time to 
PSA nadir was 5.4 months. (b) Ongoing exponential decreases in serum PSA were observed after the third month of therapy, 
with serum PSA continuing to fall into the undetectable range < 0.1 ug/l in many patients. 
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Table 20.3 Pathologic stage vs. pretreatment PSA and grade after 8 months of NHT 
Pathologic Overall Serum PSA (ug/l) (%)* Gleason grade (%}* 
stage n(%) <4 4-9.9 10-20 >20 <4 5,6 >7 
P-0 17 (11) 3 (18) 10 (12) 3 (9) 1 (5) 7 (15) 9 (13) 1 (3) 
P2a 53 (35) 7 (44) 30 (37) 11 (34) 5 (24) 19 (41) 20 (29) 14 (41) 
P2b 49 (33) 6 (38) 26 (33) 10 (28) 7 (33) 14 (30) 26 (37) 9 (26) 
P3 M- 20 (13) 0 13 (16) 3 (11) 4 (20) 5 (11) 11 (16) 4(12) 
P3 M+ 8 (5) 0 0 S (16) 3 (14) 1 (2) 3 (4) 4(12) 
PxN-+ 3 (2) 0 1 (1) 1 (3) 1 (5) 0 1 (1) 2 (6) 


* Pretreatment. 


Changes in pathology 


After 8 months of NHT, most patients in this study 
had organ-confined, stage pT2 tumors (79%), and one- 
half of these had micro-foci or small-volume tumors 
occupying less than 5% of the prostate (Table 20.3). 
Microscopic extension through prostatic capsule with 
negative margins (pT3M-) was reported in 13% of the 
patients. The positive margin rate was 5%, lower than 
that reported after 3 months of NHT in similar cohorts 
of patients (34, 36, 37) (Fig. 20.3). Although patients 
with organ-confined tumors tended to have lower mean 
PSA nadir levels, the nadir PSA value was not predic- 
tive of pathologic stage in individual patients; however, 
patients whose PSA nadir was > 0.3 ug/l were more 
likely to have extracapsular disease, with 50% having 
pT3 tumors. Patients with scrum PSA nadir levels 
< 0.1 ug/l were less likely to have extracapsular exten- 
sion or positive margins (4%) compared to those with 
nadir levels > 0.1 ug/l (27%). 

Pathologic stage and risk of positive margins 
increased with higher T-stage, grade, and pretreatment 
serum PSA levels (Table 20.3). None of 62 patients 
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Fig. 20.3 Pathologic stage in patients treated with no NHT or 
3 months of NHT in the US Intergroup (34) and CUOG (36) 
studics, compared to patients treated with 8 months of NHT 
in the Vancouver (43) study. 


with Tle or T2a tumors had positive margins com- 
pared to 6% of 78 with T2b and 30% of 10 patients 
with T3a disease. Positive margins werc identified in 
2% of patients with Gleason scores < 4, 5% with 
scores of 5 or 6, and 16% with Gleason scores of > 7. 
None of 96 patients with PSA levels < 10 ug/l had pos- 
itive margins, compared to 18% of 54 with PSA levels 
> 10 ug/l. 

Because of possible risk for progression and out- 
growth of androgen-independent clones during pro- 
longed NHT, immunostaining with proliferation 
markers (PCNA and Ki-67) and the oncoprotein Bel-2 
was performed (43, 45). Neither proliferation marker 
showed increased staining in radical prostatectomy 
specimens post-NHT comparcd to pretreatment biopsy 
specimens. In particular, Ki-67 staining remained sup- 
pressed in patients who completed 8 months of NHT 
(43). Other investigators also reported that immunos- 
taining for the cyclin-dependent kinase inhibitor, p27, 
increased in prostate cancer specimens after NHT 
ranging between 3 and 8 months (45), suggesting cell- 
cycle arrest was induced by androgen withdrawal in 
residual cancer cells surviving NHT. Levels of the anti- 
apoptotic oncoprotein, Bcl-2, increase beginning 
during the first 3 months of NHT (46), and remain clc- 
vated after 8 months of therapy (45), consistent with 
its role in prevention of castration-induced apoptosis 
(47). Taken together, ongoing decreases in serum PSA, 
the high percentage E: organ-confined and small- 
volume tumors, and thë absence of increased PCNA 
and Ki-67, immunostaining suggests that progression 
from outgrowth of androgen-independent clones 
during prolonged NHT is unlikely. 


Post-operative PSA recurrence rate 


After a mean 28 months post-operative followup 
(range: 3-79 months) and 36 months from time of ini- 
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Fig. 20.4 Kaplan-Meier survival curves for 150 patients treated with 8 months of NHT and radical prostatectomy, with mean 
follow-up post-surgery of 28 months. (a) Overall, compared to CUOG 0 vs. 3-month NHT study (36) and Cleveland Clinic 
series (7). (b) Stratified by pretreatment serum PSA levels > 10 ug/l and compared to CUOG 0 vs. 3-month NHT study (36) and 
Cleveland Clinic series (7). (c) Stratified by pretreatment serum PSA levels > 20 ug/t and compared to CUOG 0 vs. 3-month 


NHT study (36) and Cleveland Clinic series (7). continued 


Neoadjuvant hormonal therapy prior to radical prostatectomy: promises and pitfalls 


(d) 


1.0 


0.8 


2 
D 


PSA-free survival 
2 
> 


So 
i 


0.0 


0 12 24 


Fig. 20.4 continued (d) Stratified by pathologic stage. 


tiation of NHT, biochemical recurrences occurred in 
15 patients (10%), most within the first 2 years of 
surgery (Fig. 20.4(a)). Risk of biochemical recurrence 
after 8 months of NHT remains proportional to known 
risk factors for recurrence, including pretreatment 
serum PSA and Gleason score, and pathologic stage 
(Table 20.4). The low PSA recurrence rate in this phase 
Il study using 8 months of NHT compares favorably 
against recurrence rates reported by the US Intergroup 
(40), the Canadian Uro-Oncology Group (41), the 
Cleveland Clinic (7), and Baylor University (8) (Table 
20.4). Differences in PSA recurrence rates are most 
pronounced when only patients with high-risk features 
are considered (Figs 20.4(b) and 20.4(c), Table 20.4). 
For example, 2-year PSA recurrence rates in patients 
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Total # # 
Events Censored Censored 


36 
Months post-surgery 


60 


with pretreatment serum PSA > 10 ug/l were 20% in 
the 8-month NHT study compared to 40% in the 
CUOG study and Baylor series, and 20% in patients 
with PSA levels > 20 ug/l, compared to 48% in the 
Cleveland Clinic series, 56% in the Baylor series, and 
60% in the CUOG study. Apparent improvement in 
recurrence rates between uncontrolled studies from dif- 
ferent centers must, however, be interpreted with 
caution. The potential benefit of longer term NHT can 
only be evaluated by phase IlI studies, one of which has 
been recently initiated by the Canadian Uro-Oncology 
Group. CUOG-P9SA was initiated in 1995 and will 
randomize 540 men with clinically confined prostate 
cancer to cither 3 or 8 months of leuprolide acetate and 
flutamide prior to radical prostatectomy. Accrual will 


Table 20.4 Biochemical-free survival after radical prostatectomy in contempory series 


Baylor (8) Cleveland 
Clinic (7) 
Overall 79% 74% 
Mean follow-up 38 months 36 months 
Biopsy Gleason 
2-4 92% 92% 
5,6 84% 77% 
7-10 46% 48% 
Pretreatment PSA 
<4 93% 93% 
4-10 76% 78% 
10.1-20 69% 65% 
> 20.1 44% 30% 


CUOG (36, 41) Vancouver (43, 44) 


0 vs 3 NHT 8 months NHT 
78 vs 75% 90% 
24 months 28 months 
100 vs. 100% 96% 
83 vs. 81% 91% 
64 vs. 53% 83% 
92 vs. 100% 100% 
93 vs. 85% 94% 
73 vs. 67% 83% 
29 vs. 62% 82% 
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be complete early in 1998 and the study will have ade- 
quate power ro detect a 30% reduction in PSA recur- 
rence rates (assuming a 30% recurrence rate in the 
3 month arm). 


Potential pitfalls of neoadjuvant 
therapy 


Does NHT result in artifactual pathological 
understaging? 


Following NHT, residual foci of atrophic glands can be 
difficult to identify with H&E staining, raising the pos- 
sibility that pT-O staging or low positive margin rates 
may be an artifact resulting from pathological under- 
staging. Some authors argue that down-sizing occurs 
without downstaging and any apparent downstaging 
results from difficulty in pathologic evaluation of 
the NHT-treated prostatectomy specimen (11-13). 
Evidence thus far, however overwhelming, suggests 
that the NHT-induced decrease in positive margin rates 
is a real, rather than an artifactual, phenomenon. First, 
all randomized studies using a single central and expe- 
rienced pathologist report similar (50%) decreases in 
positive margin rates (34, 36, 37). Second, re-evalua- 
tion of prostatectomy specimens using prostatic acid 
phosphatase (PAP) and cytokeratin immunostaining to 
help identify foci of cancer difficult to see with H&E 
prepared sections, did not significantly increase positive 
margin rates (40, 41). Although PAP and cytokeratin 
staining helps identify residual carcinoma cells inside 
and outside of the prostate, and may upstage occa- 
sional pTO specimens, positive margin rates remain 
unchanged (41). Third, animal-model studies using 
androgen-dependent Shionogi tumors demonstrate that 
NHT reduces local recurrence and positive margin 
rates by 50% (25). Finally, pathologic stage remains 
proportional to pretreatment risk factors (serum PSA, 
T-stage, and Gleason grade), and an important prog- 
nostic predictor for biochemical relapse (36, 37, 42). 
Taken together, these observations suggest that the 
favorable pathologic features induced by NHT are real 
and not artifactual. 


Is surgery more difficult following 
neoadjuvant therapy? 


Concerns have been raised by some urologists that 
NHT makes surgery more difficult by increasing peri- 
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prostatic adhesions. However, this does not appear to 
be the case. Randomized scries that have documented 
surgical difficulty, blood loss, length of procedure, and 
post-operative complications, found no significant dif- 
ference in these parameters between neoadjuvantly- 
treated and untreated groups (23, 24). Apoptosis 
initiated by androgen withdrawal (or other stimuli else- 
where throughout the organism) is a controlled cellular 
event that is not associated with acute inflammation or 
scarring. However, one technical factor after 8 months 
of NHT is that the prostate can decrease to a small, 
fusiform swelling of the urethra, which can make it 
more difficult to palpate the prostatic apex and decide 
where to take the dorsal bundle. 


Does tumor progression occur during 
prolonged NHT? 


This concern has been expressed by some investigators 
who argue against the use of NHT. However, 8 
months is a relatively short time-period in the natural 
history of a clinically-confined prostate cancer, where 
local or distant progression is not apparent for often 
longer than 5 years or 10 years (9). Furthermore, as 
outlined above, the ongoing decreases in scrum PSA, 
the high percentage of organ-confined and small- 
volume tumors, and the absence of increased prolifera- 
tion marker immunostaining suggests that progression 
from outgrowth of androgen-independent clones 
during prolonged NHT is unlikely. 


Will recurrence rates be altered by 
neoadjuvant therapy? 


With the exception of testis, low ano-rectal, and 
Wilm’s tumors, most data do not support use of neoad- 
juvant therapies for most solid tumors when survival 
outcomes are compared to local therapy alone or fol- 
lowed by adjuvant therapy. Indeed, it remains possible 
that delay in definitive local therapy by neoadjuvant 
treatments may be detrimental. Lack of benefit of 
neoadjuvant chemotherapy in other solid tumors such 
as cervix (48), small cell lung (49), and bladder (50), 
illustrates that use of therapies capable of inducing 
complete responses may not have positive effects on 
survival when used in a neoadjuvant setting. Whether 
NHT reduces recurrences after radical prostatectomy 
will have to await maturation of the recently completed 
phase III studies (33-39) (Table 20.2). However, it is 
critical to realize that the sample size of these studies 
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was based on detecting differences in positive margin 
rates, and therefore they have insufficient statistical 
power to detect significant differences in biochemical 
recurrence rates. The question of optimal duration of 
NHT is being evaluated by phase-III studies recently 
initiated by the CUOG and SWOG. Until recurrence 
rates have been demonstrated to decrease in random- 
ized studies, NHT should be considered investigational 
and studied in the context of controlled clinical studics. 


References 


1. 


N 


10. 


11. 


12. 


Rosen MA, Goldstone L, Lapin S$ et al. Frequency and 
location of extracapsular extension and positive surgical 
margins in radical prostatectomy specimens. J Urol 
1992, 148, 331-7. 

Jones EC. Resection margin status in radical prostatec- 
tomy specimens: relationship to type of operation, 
tumor size, tumor grade and local tumor extension. 
J Urol 1990, 144, 89-93. 

Trapasso JG, deKernion JB, Smith RB et al. The inci- 
dence and significance of detectable levels of serum PSA 
after radical prostatectomy. J Urol 1994, 152, 1821-5. 
Partin AW, Yoo J, Carter HB et al. The use of prostate 
specific antigen, clinical stage, and Gleason score to 
predict pathologic stage in men with localized prostate 
cancer. J Urol 1993, 150, 110-4. 

Lange PH, Frcole CJ, Vessella RL. Scrum prostatic 
specific antigen in the management of patients after 
radical prostatectomy. J Urol 1988, 139, 607-10. 
Frazier HA, Robertson JE, Humphrey PA et al. Is PSA 
of clinical significance in evaluating outcome after 
radical prostatectomy. } Urol 1993, 149, 516-8. 
Kupelian P, Katcher J, Levin H et al. Corrclation of 
clinical and pathologic factors with rising prostate- 
specific antigen profiles after radical prostatectomy 
alone for clinically localized prostate cancer. Urology 
1996, 48, (2), 249-60. 

Dillioglugil O, Leiban BD, Kattan MW et al. Hazard 
rates for progression after radical prostatectomy for 
clinically localized prostate cancer. Urology 1997, 50, 
93-9. 

Chodak GW, Thisted RA, Gerber GS et al. Results of 
conservative management of clinically localized prostate 
cancer. New Engl ] Med 1994, 330, 242-8. 

Skipper HE, Schabe] FM Jr, Wilcox WS. Experimental 
evaluation of potential anticancer agents. XII: On the 
criteria and kinetics associated with ‘curability’ of 
experimental leukemia. Cancer Chemother Rep 1964, 
35, 1-111. 

Macfarlane MT, Abi-aad A, Stein A et al. Neoadjuvant 
hormonal deprivation in patients with locally advanced 
prostate cancer. J Urol 1993, 150, 132-4. 

Oesterling JE, Andrews PE, Suman VJ et al. Pre-opera- 
tive androgen deprivation therapy: Artificial lowering of 
serum prostate specific antigen without downstaging the 
tumor. / Urol 1993, 149, 779-82. 


13. 


14. 


15. 


16. 


17. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29, 


287 


Paulson DF. Neoadjuvant androgen deprivation therapy 
prior to radical prostatectomy: Con. Urology 1996, 48, 
539-40. 

Cox RL, Crawford ED. Estrogens in the treatment of 
prostate cancer. J Urol 1995, 154, 1991-8. 

The Leuprolide Study Group. leuprolide versus dicthyl- 
stilbesterot for metastatic prostate cancer. N Engl J Med 
1984, 311, 1281-6. 

Mahler C. Is disease flare a problem? Cancer 1993, 72, 
3799-802. 

Bruchovsky N. The metabolism of testosterone and 
dihydrotestosterone in an androgen-dependent tumor. 
A possible correlation between dihydrotestosterone 
and tumor growth in vivo. Biochem J 1972, 127, 
561-75. 

Tenniswood M. Apoptosis, tumour invasion and 
prostate cancer. Br J Urol 1997, 79, 27-34. 
Bruchovsky N, Rennie PS, Coldman AJ et al. Effects of 
androgen withdrawl on the stem cell population of the 
Shionogi carcinoma. Cancer Res 1990, 50, 2275-82. 
Goldenberg SL, Bruchovsky N, Gleave ME et al. 
Intermittent androgen suppression in the treatment of 
Prostatic carcinoma: a preliminary report. Urology 
1995, 45, 839-45, 

Sayer J, Ramirez El, von Eschenbach AC. Retrospective 
review of prostate cancer patients with lymph node 
metastases. J Urol 1992, 147, 52A. 

Cheng CWS, Bergstralh EJ, Zincke H. Stage D1 
prostate cancer. A non-randomized comparison of con- 
servative treatment options versus radical prostatec- 
tomy. Cancer 1993, 71, 996-1004. 

Gleave ME, Hsieh JT, Wu HC et al. Scrum PSA levels in 
mice bearing human prostate LNCaP tumors are deter- 
mined by tumor volume and endocrine and growth 
factors. Canc Res 1992, 52, 1598-605. 

Stamey TA, Kabalin JN, Ferrari M e: al. Prostate 
specific antigen in the diagnosis and treatment of adeno- 
carcinoma of the prostate. IV. Anti-androgen treated 
patients. J Urol 1989, 141, 1088-90, 

Gleave ME, Sato N, Bowden M et al. Neoadjuvant 
androgen ablation reduces local recurrence rates after 
tumour excision in the Shionogi tumour model. J Urol 
1997, 157, 1727-30. 

Soloman MH, McHugh TA, Dorr RP et al. Hormone 
ablation treatmetns as neoadjuvant therapy prior to 
radical prostatectomy. Clin Invest Med 1993, 16, 
532-8. 

Aprikian AG, Fair WR, Reuter VE et al. Experinece 
with neoadjuvant diethylstibesterol and radical prosta- 
tectomy in patients with localy advanced prostate 
cancer. Br J Urol 1994, 74, 630-6. 

Fair WR, Aprikian A, Sogani P et al. The role of neoad- 
juvant hormonal manipulation in localized prostate 
cancer. Cancer 1993, 71, 1031-8. 

Kava BR, Vlamis V, Rabbani F et al. Interim follow-up 
of patients receiving neoadjuvant hormonal therapy 
prior to radical prostatectomy at Memorial Sloan- 
Kettering Cancer Center: Tumor designation as organ- 
confined and specimen-confined does not appear to 
result from pathologic understaging. Mol Urol 1997, 1, 
141-8. 


288 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


Prostate cancer 


Sassine AM, Sculman CC. Neoadjuvant hormonal 
deprivation before radical prostatectomy. Eur Urol 
1993, 24, 46-50. 

Schulman CC. Neoadjuvant androgen blockade prior to 
prostatectomy: a retrospective study and critical review. 
Prostate 1994, 5, 9-14. 

Häggman M, Hellstrom M, Aus G et al. Neoadjuvant 
GnRH agonist treatment and total prostatectomy. Eur 
Urol 1993, 24, 456-60. 

Labrie F, Cusan L, Gomez JL et al. Downstaging of 
early stage prostate cancer: the first randomized trial of 
neoadjuvant combination therapy with flutamide and a 
luteinizing hormone-rcleasing hormone agonist. 
Urology 1995, 44, 29. 

Soloway MS, Sharifi R, Wajsman Z et al. Randomized 
prospective study compring radical prostatectomy alone 
versus radical prostatectomy preceded by androgen 
blockade in clinical stage B2 (T2bNxM0} prostate 
cancer. J Urol 1995, 154, 424-8. 

Van Poppe! H, De Ridder D, Elgamal A et al. 
Ncoadjuvant hormonal therapy before radical prostate- 
ctomy decreases the number of positive surgical margins 
in stage T2 prostate cancer: Interim results of a prospec- 
tive randomized trial. J Urol 1995, 154, 429-34. 
Goldenberg SL, Klotz LH, Jewitt MAS and the 
Canadian Urologic Oncology Group. Randomized con- 
trolled study of ncoadjuvant reversible androgen with- 
drawal therapy with cyproterone acctate in the surgical 
management of localized prostate cancer. J Urol 1996, 
156, 873-7. 

Fair WR, Kava B. Neoadjuvane Hormonal Therapy: 
Update on Memorial Sloan-Kettering Cancer Center 
Trials. Molecular Urology 1997, 1, 135-40. 

Witjes W, Schulman CC, Debruyne MJ and the 
European Study Group on Neoadjuvant Treatment for 
Prostate Cancer. Preliminary results of a prospective 
randomized study copartin radical prostatectomy versus 
radical prostatectomy associated with neoadjuvant hor- 
monal combination therapy in T2-3NOMO prostatic 
carcinoma. Urology 1997, 49, 65-9. 

Hugosson J, Abrahamsson PA, Ahlgren G et al. The 
risk of malignancy in the surgical margin at radical 
prostatectomy reduced almost 3-fold in patients given 
neo-adjuvant hormone treatment. Eur Urol 1996, 29, 
413-9, 

Bazinet M, Zheng W, Begin LR et al. Morphologic 
changes induced by neoadjuvant androgen ablation may 
result in underdetection of positive surgical margins and 
capsular involvement by prostatic adenocarcinoma. 
Urology 1997, 49, 721-5. 


40. 


41. 


42. 


43. 


44, 


45. 


46. 


47. 


48. 


49, 


Soloway MS, Sharifie R, Wajsman Z et al. and the 
Lupron Depot Neoadjuvant Study Group. Radical 
prostatectomy alone vs. radical prostatectomy pre- 
ceeded by androgen blockade in cT2b prostate cancer: 
24 month results. J Urol 1997, 157, 160A. 

Klotz L, Goldenberg SL, Bullock MJ et al. and the 
Canadian Urologic Oncology Group. Neoadjuvant 
cyproterone acetate therapy prior to radical prostatec- 
tomy reduccs tumour burden and margin positivity 
without altering 6 and 12 month post-treatment PSA: 
results of a randomized trial. J Urol 1996, 155, 399A. 
Sato N, Gleave ME, Bruchovsky N et al. Intermittent 
androgen suppression delays time to non-androgen 
regulated prostate specific antigen gene expression in 
the human prostate LNCaP tumour model. J Steroid 
Biochem Mol Biol 1996, 58, 139-46. 

Gleave ME, Goldenberg SL, Jones EC et al. Biochemical 
and pathological effects of eight months of androgen 
withdrawal therapy prior to radical prostatectomy in 
clinically confined prostate cancer. J Urol 1996, 155, 
213-9. 

Gleave ME, Goldenberg SL, Jones E et al. Longer dura- 
tion of neoadjuvant androgen withdrawal therapy prior 
to radical prostatectomy in clinically localized prostate 
cancer: Biochemical and pathological effects. Mol Urol 
1997, 1, 199-204. 

Zubovitis JT, Paterson RF, Gleave ME et al. The effect 
of neoadjuvant hormonc therapy on prostatic adenocar- 
cinoma in radical prostatectomy specimens: an analysis 
of tumor cell proliferation. Am J Pathology 1998, 157, 
290 (Abstract). 

McDonnell TJ, Navone NM, Troncoso P et al. 
Expression of bel-2 oncoprotein and p53 protein accu- 
mulation in bone marrow metastases of androgen indc- 
pendent prostate cancer. J Urol 1997, 157, 569-74. 
Reed JC. Bel-2 and the regulation of programmed cell 
death. J Cell Biol 1994, 124, 1-6. 

Souhami L, Gil RA, Allan SE et al. A randomized trial 
of chemotherapy followed by pelvic radiation therapy in 
stage IIB carcinoma of the cervix. J Clin Oncol 1991, 
9, 970-7. 

Murray N, Coy P, Pater J et al. Importance of timing 
for thoracic irradiation in the combined modality treat- 
ment of limited stage small cell lung cancer. J Clin 
Oncol 1993, 11, 336-44. 

Hall RR for the MRC Study Group. Neoadjuvant CMV 
chemotherapy and cystectomy or radiotherapy in 
muscle-invasive bladder cancer. First analysis of 
MRC/EORTC Intercontinental trial. Proc Am Soc Clin 
Oncol 1996, 15, 244A. 


21 


prostate cancer 


Louis J. Denis 


Introduction 


The incidence of prostate cancer had a steady increase 
worldwide for some time but dramatic increases have 
been recorded in the US up till 1992, when a remark- 
able downward swing led to a revision in incidence and 
mortality expectations in 1997 (1). Multiple causes 
may explain this rise and fall of which increased life 
expectancy of males is the most pleasant and the intro- 
duction of prostate-specific antigen (PSA) the most 
important. The parallel decline in mortality has been 
rather small but follows a constant decline in annual 
prostate death rate of 1% per year (2). It is cempting to 
attribute this decline to increased PSA testing. However 
the historical nature of the event and a number of 
uncontrolled variables make it impossible to prove any 
particular theory of causation and further research is 
needed to quantify the association between early detec- 
tion, treatment, and declining mortality (3). 

The fact remains that there is a clear decrease in inci- 
dence of advanced-stage disease at initial diagnosis. 
Comparable data from 1992 and 1995 in the US 
National Cancer Data Base (NCDB) show that the 
average age at diagnosis declined by 2 years, that the 
proportion of patients with localized disease increased 
from 69.3% to 76.7%, and that the treatment patterns 
showed an increase in radical prostatectomy proce- 
dures (34.1%) at the expense of external-beam radia- 
tion treatment (26.3%) in the 1995 figures. 
Brachytherapy increased from 1.4% to 2.2%, while 
endocrine (11.7%), other treatment (4.1%), and no 
treatment (21.6%) remained essentially unchanged (4). 
The full impact of the shift in treatment is emphasized 
when the treatment percentages arc compared to the 
1974 figures. Then radical prostatectomy was per- 
formed on 9.2% and external-beam treatment on 5.5% 
of all prostate cancer patients (5). While these changes 
clearly herald the cra of increasing cure rates for 
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prostate cancer, caution is indicated since these data 
are derived from hospital-based information and wide 
variations are registered in regional comparisons of 
treatment. Extra caution in final interpretation is the 
balance between over-treatment following overdiagno- 
sis (10-20%) and insufficient treatment (20-35%) if 
the cancers are too advanced to be cured (6). 

Still, more than half of the screen-detected cancers 
can be cured—a concept that was enthusiastically 
accepted by the medical community and endorsed by 
the gencral public. This optimistic mood led to a rush 
to carly detection studies in prostate cancer, with the 
realization that primary prevention is in the research 
stage and that cure of metastatic prostate cancer looks 
distant at the moment. This rush created the contro- 
versy about screening for prostate cancer, where 
experts state that half of the screening detected and his- 
tologically confirmed cases are false-positives (7) and 
overenthusiastic organizers claim that screening and 
early treatment permits a 69% decrease in deaths from 
prostatic cancer (8). 


Is there a ‘best’ treatment? 


Radical surgery and radiation treatment both practiced 
in the beginning of this century for treatment of local 
Prostate cancer remained the only choice of active 
treatment for more than 80 years. Both treatments 
have been refined in the last decades and innovative 
research is performed in both fields. 

The complete list of options for the patient with 
localized prostate cancer is presented in Table 21.1. 
Explaining the procedures and their outcome results 
takes time, not all technology is available, all proce- 
dures can be combined with neoadjuvant or adjuvant 
endocrine treatment, and last but not least conservative 
treatment, which in general stands for delayed 
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Table 21.1 List of available treatment options with the 


intention to cure. HIFU and RITA are in investigational stage 


Curative treatment options for localized prostate cancer 


Retropubic 

Perineal 

Laparoscopic 

External beam 

Conformal 

Brachytherapy (I 125-Pd 103) 
Protons Neutrons 

High-intensive focused ultrasound 
(HIFU) 

Transperineal radiofrequency ablation 
(RITA) 


Surgery: 


Radiation: 


Cryosurgery: 


endocrine treatment, should be considered as a viable 
option. 

The counseling of the patient is subject to bias from 
the provider of the services. A number of years ago a 
questionnaire was published on the preferred personal 
treatment from urologists and radiation oncologists, if 
they happened to have localized prostate cancer. The 
answers were revealing: 80% of the urologists pre- 
ferred surgery, while 92% of the radiation oncologists 
preferred radiotherapy (9). The choice in a structured 
debate between surgery and radiation at the 1999 
annual EAU meeting in Stockholm was simple. More 
than 80% of the urologists prefer surgery as first- 
choice treatment. Facing the lack of appropriately ana- 
lyzed randomized trials, the American Urological 
Association convened the Prostate Cancer Clinical 
Guidelines Panel (10) to analyze the literature regard- 
ing available methods to treat locally confined cancer 
and make practice policy recommendations. 


Prostate cancer 


A number of interesting observations came out of a 
Medline search from all publications in English 
between 1966 and 1993. The panel reviewed 12 501 
articles. On the basis of this review, 1453 werc 
retrieved. After detailed review, 396 were found rele- 
vant of which 231 articles were rejected because of 
incomplete data, leaving 166 papers with outcome data 
for analysis. More sobering was the conclusion that the 
outcome data were inadequate for valid comparisons 
of treatment. Differences in age, tumor grade and stage 
werc too great, and treatments were presented as 
options identifying advantages and disadvantages rec- 
ommending that the patient should be informed of all 
commonly available options. Selected data are pre- 
sented in Tables 21.2 and 21.3 from this important 
paper, knowing that small numbers of patients were 
analyzed for brachytherapy and conservative treat- 
ment. The conclusions from this review point to the 
importance of the prognostic factors that determine the 
outcome of the treatment. This leads us to prognostic 
factors. 


Prognostic factors 


The untreated natural history of prostate cancer takes 
from 15 to 20 years to develop into a clinical cancer 
with a limited window of opportunity to search for the 
clinical relevant cancers that are locally confined. 
Moving upfront with invasive treatment results in over- 
treatment, which may occur in a number of patients 
depending on the definition of a relevant clinical 
cancer. Most urologists will agrce that a well- 
differentiated cancer involves more than one core of 


Table 21.2 Range of survival/no evident discase (NED) after 5 and 10 years of radical prostatectomy vs. external-beam 


treatment 


Survival/NED after treatment PCA* 


Radical prostatectomy Radiation 

Min% Max% Min% Max% 
S years 
Alive 68.9 95.0 51.4 93.0 
NED 81.9 92.0 32.0 93.0 
10 years 
Alive 44.4 88.0 41.4 70.0 
NED 82.0 82.0t 40.0 64.0 


* Adapted from table 2, ref. 10. 
t Only onc publication available. 
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Table 21.3 Range of survival/no evidence of disease (NED) after 5 and 10 years of brachytherapy vs. conservative treatment 


Survival/NED after treatment PCA* 


Brachytherapy Conservative treatment 

Min% Max% Min% Max% 
5 years 
Alive 75.0 93.0 67.0 920 
NED 38.0 90.0 68.0 68.0 
10 years 
Alive — —' 34.0 70.7 
NED 50.0 90.0 53.0 53.0! 


* Adapted from table 2, ref. 10. 
| No or only one publication available. 


the six-core biopsy and includes a simple focus measur- 
ing more than 3 mm (11). The other side of the coin 
includes the understaged cancers that show locally 
advanced disease, where stage, size, and poorly differ- 
entiated disease present with a poor prognosis. 
Histological differentiation for similar stages and 
volume provide the most important prognostic factor 
in the routine clinic. This is clearly demonstrated in 
Table 21.4 where 10-year survival after treatment for 


Table 21.4 RP (radical prostatectomy), RT (radiation 
treatment) and CT (conservative treatment) % survival after 
10 years according to histological grade. Note decrease 

in RP and greater decrease in RT and CT 


Ten-year survival in localized PCA (%) 


RP RT CT 
G1 94 90 93 
G2 87 76 77 


G3 67 53 45 


Adapted from table 3, ref. 12. 


localized disease is presented by grade (12). 
Histological grade is now frequently expressed in the 
Gleason score (13) and once again the differences in 
outcome are striking. In a selected series of 652 
patients treated for localized disease by radical prosta- 
tectomy, extra-prostatic extension was present in 
30.6%, 56.9%, and a whopping 90.8%, respectively, 
with Gleason score 6, 7, and 8 or more. This resulted 
in NED survival of 91.2%, 75.0%, and 34.5% of the 
same patients (14). Clinical stage, tumor volume, PSA 
levels, and of course grade contribute to the prognostic 
index that can be used for survival estimate, therapy 
sclection, evaluation of response, and data comparison 
between different populations. Clinical decisions are 
taken on biopsy grading, which leave a margin of 
error. Serious consideration should be given to all rele- 
vant prognostic factors as presented in Table 21.5. 
Further research in this area is badly necded and 
artificial neural network analysis (ANNA) could 
provide a more reliable prognosis (15). Do we have 
updated information on treatment choice? 


Table 21.5 Prognostic factors in advanced prostate cancer 
Summary table advanced prostate cancer 
Prognostic factors Tumor 
Essential T4,N,M stage 
Grade 
PSA 
Pain 
Additional No bone mets 
Alk. Phosphatase 
Endocrine response 
Promising Artificial neural networks 


PSMA 
Epidermal growth factors 
Androgen receptors 


Host Environment 


Age Socio-economic 
Co-morbidity 


Performance status 


Access 
Expertise 


Hemoglobin 
Creatinine 
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Conservative treatment 


One of the therapeutic dilemmas, especially in males 
over 70 or males with serious co-morbidity, is the ques- 
tion to defer treatment. From a number of terms, 
including watchful waiting, intentional neglect, or 
deferred treatment, we prefer conservative treatment. 

This term implies that treatment is considered with 
active in follow-up methodology, usually a digital 
rectal (DRE) and PSA test at regular intervals. We like 
to note that in some cases with high co-morbidity, in 
the absence of any prostate cancer-related symptoms, 
the wise approach will be to avoid diagnostic tests 
leading to documentation of prostate cancer. 
Considerations of age are in consensus related to 10- 
year lifetime expectancy as a base to decide on active 
treatment. Pursuing the diagnosis including prostate 
biopsy is justified since low grade and low volume 
allow conservative treatment to be included in the 
patient’s options. 

A few relevant studies on conservative treatment 
show it as a reasonable option. These observations 
point to grade of differentiation as the most important 
factor in predicting survival. Well-differentiated 
cancers have a low cumulative mortality of less than 
10%, similar to the average population in a 10-15 year 
follow-up. These low-grade cancers constitute about 
10% of all the prostate cancers detected. In contrast, 
patients with moderately differentiated cancer and 
poorly differentiated cancers showed cancer-specific 
mortality from one-quarter to a half of the patients 
(16, 17). The clinical decision for conservative treat- 
ment should in any case focus on complete evaluation 
including staging. The biopsy pathology is not always 
representative of the specimen pathology after surgery 
and 30% of cancer on biopsy tissue has an unfavorable 
prognosis (18). There should be no confusion in the 
deferred treatment assigned to patients with locally 
advanced or metastatic but asymptomatic cancer. This 
clinical question relates to the impact and drawback of 
endocrine treatment. No surprise of course, that only 
low-grade tumors seem to be the best choice for 
deferred treatment (19). 

The decision to chose conservative treatment is more 
complex than choosing invasive treatment and fre- 
quently a burden to the patient and physician alike. 
The most frequent hurdles to consider are the calendar 
and biological age of the patient. Are the biopsies rep- 
resentative of the tumor in the specimen? Is the lack of 
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immediate treatment complications not balanced by the 
late complications of tumor progression beyond the 
hope of cure? And last but not least, how much quality 
of life is lost independent of the choice? The bottom 
line is that physicians make errors by omission and 
commission, confounded many times by the perception 
of the patient based on medical and extramedical infor- 
mation. Unfortunately, most available information 
based on study designs, biases, outcome variables, and 
statistical techniques to guide prostate cancer manage- 
ment, suffer from selection biases that confuse the 
issues. Examples in the literature abound and 10-15 
years cancer-specific survival in cohorts of patients 
treated by radical surgery, external-beam radiation, 
and conservative treatment relate the efficacy of the 
procedure to the over-riding nature of the histology in 
well and moderately well-differentiated localized 
prostate cancers (20, 21, 22). Other more practical 
biases include the availability of the treatment, the skill 
of the surgeon, the expertise and quality control of the 
radiation department, the diagnostic technique and 
biopsy interpretation, comparisons to historical cohorts 
(mainly the pre-PSA era), outcome metrics on survival 
and disease-specific survival, statistical techniques, 
health-related quality of life, and the economic condi- 
tion of the patient. The International Consultation on 
Urological Diseases (ICUD) tries to overcome these 
problems by organizing regular consultation/consensus 
mectings with the support of the major urological 
organizations, the World Health Organization (WHO), 
and the International Union against Cancer (UICC), 
where multi-professional collaboration is the credo to 
the recommendations. We hope by improved data 
reporting, based on evidence, to assemble a database 
that could provide more accurate risk assessment by 
the ANN analysis (15). 

One of the many examples for improving data 
reporting would be a pathology review to assign 
Gleason scores not only of 2—4 (well-differentiated) 
and 8-10 (poorly differentiated) to a division of mod- 
erately well-differentiated, counting 5 and 6, and 
reserve Gleason score 7 to a separate category (14, 22, 
23). 


Radical prostatectomy 


The better term for radical prostatectomy should be a 
total, anatomical prostatectomy. The surgery is con- 
ceived not only as a chance for cure but duc to the life- 
long dedication of Walsh towards perfecting the 
surgery by the reducing of blood loss, saving conti- 
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nence, and preserving potency if feasible, to maintain 
quality of life (24). Control of dorsal vein complex 
preservation of the neurovascular bundles and access to 
the pelvic nodes in the same setting increased the popu- 
larity of the classic radical retropubic prostatectomy. 
There are no prospective studies available but the 
general feeling is that surgeons experienced, in the per- 
ineal-exposure approach, cquivalent results in terms of 
cancer control and complication rates (25). The latest 
technical innovation is the laparoscopic radical prosta- 
tectomy. When an expcrienced team is available, the 
surgery is feasible with low morbidity. It is too soon to 
report on cancer control but the preliminary reports of 
87.7% of negative margins and 85.7% of undetectable 
PSA require confirmation after the learning curve (26). 

The large well-documented series of radical surgery 
from a number of centers, especially in the US and 
more recently in Europe, have contributed enormously 
to our insight into the natural history of prostate 
cancer and have provided procedures in diagnosis, 
Prognosis, and staging of the scientific databases to 
evaluate risk for diagnosis, prognosis, and staging, 
which are vital for correct recommendations (27, 28). 
One of the pivotal questions remains the complication 
rates of the surgery. Just as for cancer control, the 
reported outcomes arc difficult to compare with other 
treatment modalitics, and even between surgical series. 
It is fair to believe that the complication rates should 
oscillate between the results reported for population- 
based data and the results of one surgeon in a special- 
ized referral center. A study of 101604 radical 
prostatectomies, of which 93986 (92.8%) via the 
retropubic approach, was performed by urologists in 
community hospitals recorded for Medicare in the 
period 1991-94. Complications were common and 
affected 25% of the patients. The 30-day mortality rate 
approached 1% in males aged 75-79 (29), Late com- 
plications, such as incontinence and impotence, reduce 
the loss of quality of life. The reported prevalence of 
urinary incontinence after surgery varied between 5% 
and 50%, but was related to a number of factors such 
as the age of the patient, the definition of incontinence, 
the surgical techniques, and the absence of complica- 
tions. Persistent and continuous incontinence could be 
expected in 1-6% of the radical prostatectomies even 
in experienced centers (30). 

In contrast, a report from 1870 patients, operated 
for radical retropubic prostatectomy by the same urol- 
ogist between 1983 and 1997 and followed for a 
minimum of 18 months, shows a different picture. 
Post-operative complications still occurred in 10% of 
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patients overall and were associated with age but 
declined significantly with surgical experience. There 
was no post-operative mortality. Anatomic structures 
of the bladder neck, thrombo-embolic events, inguinal 
hernia, and infection constitute the bulk of complica- 
tions. Recovery of urinary continence occurred in 92% 
of the patients and recovery of erections in 858 potent 
patients bcfore surgery occurred in 71-48% patients 
< 70 years and 48-40% patients over 70, depending on 
a bilateral or unilateral nerve-sparing surgery (31). 
Comparing reported rates of permanent incontinence 
of 23% and a post-operative potency rate of 11% 
without reporting of the nerve-sparing technique, con- 
trasts the expectations of the patients between special- 
ized centers and community hospitals (32). 
Unfortunately no valid randomized prospective 
studies are available to compare the outcome results of 
conservative treatment to the two most prevalent treat- 
ments of surgery or radiotherapy. A few trials are in 
progress but the randomization will be a major problem 
in the statistical analysis. Our bias is that age, co- 
morbidity, the perception of the patient, and the histo- 
logical grade of the tumor, guides the decision to 
conservative treatment resulting in deferred endocrine 
treatment after 5-10 years. However the majority of the 
prostate cancers are moderatcly well-differentiated and 
an active treatment decision could be based on short- 
and long-term complications. Our second bias is that 
Gleason score 7 and certainly poorly differentiated 
tumors Gleason score 8-10 deserve aggressive treatment. 
Fortunately the latter grade category usually covers a 
maximum 5% of all detected cancers, since these tumors 
are usually outside the prostate at the time of diagnosis. 
The indication for surgery in clinical practice is usually 
based on younger age, absence of co-morbidity, and the 
combination of clinical stage, PSA serum values, and 
Gleason score, to anticipate the prediction of organ-con- 
ferred disease (33). The ideal candidates for surgery are 
patients with T1b, T1c, and T2 disease, according to the 
TNM classification (34). Surgery in patients with poorly 
differentiated tumors that started with a PSA < 10 and 
finished with negative margin status showed a disease- 
free survival of 56.2% for PSA < 10 and 55.0% for 
specimen-confined disease with a median follow-up of 
36.2 months with surgery as monotherapy (14). Still the 
disease-free survival for non-specimen-confined tumors 
was 26.6% over the same period. This has introduced a 
trend among surgeons having operated on a great 
number of patients with T3 (extracapsular) disease to 
establish this procedure as a clinical indication with 
acceptable disease-free status for a number of years (35). 
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A small, randomized prospective trial involving T2b 
(cancer in both lobes of the prostate) and T3 compared 
radical prostatectomy versus external-beam radiother- 
apy, preceded and concomitant with endocrine 
therapy. With a median follow-up of 58.5 months, pro- 
gression-frec survival and disease-specific survival was 
90.5% and 96.6% in the surgery group and 81.2% 
and 84.6% in the radiated group (36). Adding 
endocrine therapy to surgery reduces the positive 
margins but so far in follow-up studies shows equal 
biochemical recurrence and no proof or trends to 
extended survival (37, 38). 


External-beam radiation 


The use of neoadjuvant and adjuvant endocrine treat- 
ment on the contrary has become a norm in the radi- 
ation therapy even since the EORTC 22.863 trial on 
increased survival and local control in patients with 
locally advanced cancer as presented in Trable 21.6 
(39). A number of innovations to the external-beam 
treatment have been introduced since its application to 
prostate cancer in the 1960s. One of the most impor- 
tant was the introduction of the linear accelerator, pro- 
ducing high-energy X-rays for treating decp tumors. 
Radiation can also be given directly into the prostatic 
tissue, a technique used since the beginning of this 
century, by the implantation of radioisotopes, a proce- 
dure referred to as brachytherapy. 

Radiation techniques over the last 3 decades have 
improved the cure rates with changing the field size and 
treatment planning. Quality control and simulated 
images are now routine to include the entire prostatic 
volume and respecting the critical surrounding tissues 
including bladder and rectum. The introduction of the 
three dimensional conformal radiation therapy 
(3DCRT) resulted in excellent treatment results for 
clinically localized prostate cancer (T1 and T2) with 
durable disease free survival (DFS) including biochemi- 
cal remission with no evidence of disease (b NED) at 5 
years and a reduction of radiation morbidity in patients 


Table 21.6 Results of 401 patients with adjunctive 
endocrine treatment for 3 years with median follow-up of 45 
months in locally advanced prostate cancer (ref. 39) 


EORTC 22.836: RxT vs. RxT and LHRHA 


Survival Discase-free survival 
RxT mono 62% (CI 52-72) 48% (Cl 38-58) 
RxT LHIRHA 79% (C1 72-86) 85% (CI 78-92) 
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treated with dose escalations (40, 41, 42, 43). 
Improved local control by increasing the dose by deliv- 
ering photon irradiation for early stage cancer or treat- 
ing with neutron irradiation is in progress (44). 

Comparing radiation to surgery proved to be 
impossible to match in terms of patient populations 
and prognostic indicators while outcome results are 
presented in clinically staged radiated patients and 
pathology staged surgical patients. It is evident from 
the surgical series that a great number of T2 tumors are 
in reality T3 tumors. The 1988 National Cancer 
Institute Consensus Conference concluded that the 
long-term results of radiation therapy for carly stage 
cancer were comparable to surgery (45). Rather than 
hoping to live through an appropriate randomized 
prospective trial including some 1200 patients onc 
should insist on reporting the prognostic factors rele- 
vant to outcome results. Next to the stage and grade it 
is evident that PSA, despite its shortcomings in many 
aspects, can serve as a prognostic surrogate marker for 
local recurrence or any other relapse of tumor growth 
in clinical practice. 

Correcting mistakes in comparing outcome results of 
treatment can follow a few simple rules. The subdivi- 
sion of T2 tumors into T2a, T2b, and T2c, coupling 
palpation, and biopsy information relates to the pre- 
dicted outcome and should be routinely used in clinical 
practice (46). It is evident that the PSA declines with a 
half-life of 3 days after successful surgery cannot be 
reproduccd by radiation, since it does not eliminate the 
prostate and PSA slowly declines with the irradiation 
of the tumor. The kinctics are not precisely known but 
in general PSA nadir values of < 1 after 3 years predict 
the most favorable outcome (47). The correlation of 
pretreatment PSA to outcome is evident in this paper as 
presented in Table 21.7. External-beam therapy with 
minimal volume cancer (T1b and T2a) has a favorable 
long-term outcome as monotherapy, while higher 
stages should be staged by a pelvic lymphadenectomy 
for proper selection assignment (48). This observation 


Table 21.7 Adaptation from ref. 47 to link pretreatment 
PSA and disease free survival 


Pretreatment PSA and disease-free survival 


Pre-treatment PSA/ng/ml Five-year disease-free survival 


< 4.0 90% 
4.0-20 60% 
> 20 45% 
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is definitely confirmed by the analysis of four prospec- 
tive phase-[ll randomized trials conducted by the 
Radiation Therapy Oncology group between 1975 and 
1992 with a long-term follow-up. Of the T1-T2 
tumors, 36% had positive lymph nodes while the bulk 
of 1557 patients were staged as T3. The 10-year 
disease-specific survival for patients with a Gleason 
score of 2-5, 6-7, and 8-10 was, respectively, 87%, 
75%, and 44% (49), 

These studies suggest, but do not prove, that 
monotherapy of external-beam radiation is better than 
conservative treatment, which explains the popularity 
of the combined usc of radiation and androgen abla- 
tion. The endocrine treatment decreases the local 
tumor and we know that larger tumors are more radio- 
resistant and control tumor sites elsewhere. This also 
allows cessation of pelvic lymph node irradiation, 
which was never proven to have a survival advantage 
in a randomized trial. Despite the lack of increased sur- 
vival in other combination randomized trials, the 
impact on other factors such as clinical control of local 
tumor, metastases, disease-free survival, and biochemi- 
cal remission brings it into clinical practice as neoadju- 
vant or adjuvant treatment of androgen ablation to 
radiotherapy (50). The optimal timing, duration, and 
dose of the endocrine treatment are under clinical 
investigation in these patients. 

Further research can help to distinguish patients with 
localized prostate cancer who will respond to radio- 
therapy. Positive BCL2 and P53 expressions are inde- 
pendent prognostic variables for treatment failure (51). 
More research should be given to quality of life 
outcome, which may influence the understanding and 
choice of the patient for a certain treatment. A compar- 
ison between a surgical and a radiated group has 
revealed more urinary and sexual complaints after 
prostatectomy, while more bowel dysfunction was 
noted after radiation (52). Both treatments achieve 
respectable care rates in localized disease and can 
achieve cure in locally advanced disease with good 
prognostic factors. However, cancer occurrence forms 
a definite part of the clinical picture and certainly in the 
patients under conservative treatment who are prone to 
cancer progression. Salvage prostatectomy is the excep- 
tion, while salvage radiotherapy remains an option 
after PSA recurrence following surgery. Patients with 
high Gleason grades, seminal vesicle or lymph node 
invasion, and immediate PSA recurrence after surgery 
rarely benefit from salvage radiation, while PSA late 
recurrence has a 44% chance to respond to radiother- 
apy (53). 
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Brachytherapy 


From the external-beam experience it looks desirable to 
deliver more radiation to the prostate and less to the 
surrounding tissues. Brachytherapy is the answer to 
this hope by the implantation of radioactive sources. 
Modern brachytherapy for prostate cancer was popu- 
larized by Whitmore in 1972 (54). The initial reports 
of local control and survival were favorable but were 
followed by a high number of late local failures. Holm 
provided a second chance to prostate implantation by 
the development of needle placement under visual tran- 
srectal ultrasound control (55). This procedure is now 
standard in brachytherapy for prostate cancer utilizing 
primarily 1125 for well-differentiated cancers up to 
Gleason score 6, while Pd103 is used in patients with 
Gleason 7 or greater. Experience with external-beam 
treatment led to a number of strategies that adapt the 
total treatment to the prognostic factors leading to a 
choice of implant alone, implant with neoadjuvant 
endocrine treatment, and finally for the high-risk cases 
adding a boost of peripheral cxternal-beam irradiation 
(56). 

The new technique is developed in the PSA era and 
executed by physicians with extensive experience in 
ultrasound evaluation. The resulting patient selection, 
expertise of the procedure, minimal invasive treatment, 
few complications, and excellent efficacy results attract 
the attention of the medical community and a number 
of positive reports have been published. The most com- 
plete report with a long term (10-year) follow-up on 
152 patients presented results with low complication 
rates that are comparable in 8 Ned to most surgical or 
cadiation series (57). Overall survival was 65% and 
64% had clinical and biochemical NED with an 
average PSA of 0.18 ng/ml without resorting to 
endocrine treatment. Higher risk patients received an 
extra dose of 45 Gy to the pelvis. The early quality of 
life-assessment in patients treated by brachytherapy 
showed a decrease in the first 3 months after treatment 
bur restored to baseline levels after that period (58). 
The results are less spectacular for salvage brachyther- 
apy after cxternal-beam radiation, failure being deter- 
mined as two successive rising PSA values, where about 
half achieved a post-treatment nadir of < 0.5 ng/ml and 
6% of complete urinary incontinence (59). 


Cryosurgical ablation of the prostate (CSAP) 


Looking for a better risk-benefit equation for treat- 
ment of localized disease, cryosurgical ablation of the 
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prostate (CSAP) has been renovated to control local- 
ized cancer by a minimal invasive treatment with few 
complications. The technology is new, regularly inno- 
vated, the application carrics a learning curve, and 
long-term outcome results arc not available. 

A series of 176 patients who underwent 207 cryosur- 
gical procedures for localized disease with neoadjuvant 
endocrine treatment in 101 patients were followed for 
3 years. Nadir PSA was undetectable or < 0.5 ng/ml in 
70% of the patients and follow-up biopsy was positive 
in 38% of patients. Most of the patients had T3 
tumors (60). Patient satisfaction, despite an impotency 
rate of 85%, rested on 4.3% incontinence and a subse- 
quent resection of necrotic tissue in 10% of cases (61). 
Salvage cryotherapy after radiotherapy failure fared no 
better than salvage prostatectomy (62). The role of 
CSAP is still being defined. The hope is that it will be 
able to deal with high-grade, high-stage (T2b or higher) 
localized disease or as a salvage procedure after unsuc- 
cessful radiotherapy. A report on 475 men with unfa- 
vorable diagnosis reports low serum PSA of 0.4 ng/ml 
in 42,3% after 5 years. The learning curve and techni- 
cal innovations are a point of caution (63). 

High-intensity focused ultrasound (HIFU) and 
transperineal radiofrequency ablation (RITA) are under 
clinical investigation but exact targeting is necded for 
further development of these techniques. 


Conclusions 


The role of active treatment in carly prostate cancer is 
dependent on the prognostic factors that define 
outcome morc than the treatment itself. These factors 
relate to the patient in age, co-morbidity, and percep- 
tion, and to the rumor in grade and stage, tumor mass, 
as well as a pre-operative value of PSA. Cure or control 
are obtained in the great majority of patients with a 
Gleason score of > 6, a PSA lower than 10 ng/ml, and a 
stage up to T2a or b. 

Clinical choice depends on the perception of the 
patient and for surgery a 10-year life-expectancy on 
what is considered quality of life loss over continence 
and sex. For the high-risk tumors, surgery seems a 
logical choice if one deals with localized disease, while 
extra-prostatic disease calls for a multi-modality treat- 
ment of some type of radiation and endocrine treat- 
ment where brachytherapy can play a role in the 
future. 

There are still a number of open questions, especially 
on the treatment of locally advanced disease. It is our 
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bias that in the absence of randomized trials all 
patients can benefit from proper data recording to 
establish possible guidelines on how to treat localized 
prostate cancer (64). 
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Introduction 


Prostate cancer is the most frequently diagnosed cancer 
and is the second causc of cancer death in men in 
North America and Europe (1). One in eight men will 
be diagnosed with prostate cancer during his lifetime. 
At the present rate of the living male population in 
the United States, prostate cancer will kill more than 
3 000 000 men. Prostate cancer is thus a major 
medico-social problem comparable to that of breast 
cancer in women. In fact, it is predicted that 37 800 
men will die from prostate cancer in the United States 
in 1999 while 43 700 or only 15.6% more deaths are 
estimated from breast cancer during the same time 
period (1). Prostate cancer is thus a major challenge in 
urgent need of significant improvement in diagnosis 
and treatment. 

Without male hormones or androgens, there is no 
prostate and no prostate cancer. The most important 
factor that permits the development, growth, and func- 
tion of the prostate is thus the androgens. In fact, the 
male hormones are absolutely required for the growth 
and normal functioning of the prostate. When a 
normal prostatic cell becomes canccrous, this newly 
developed cancer cell, as well as its daughter cells, 
retain this fundamental property of depending upon 
androgens for their growth. If these cancer cells, alike 
the normal prostatic cells, are deprived of androgens, 
the cells become smaller and smaller and eventually die 
by a process called apoptosis. 

Knowing this essential property of the prostatic cells, 
which completely depend upon male hormones for their 
growth, the logical treatment for prostate cancer is to 
starve the cancer cells of male hormones. It is also 
reasonable to suggest that the removal or blockade of 
androgens should be as complete as possible. It is now 
recognized that male hormones acting in the human 
prostate are from two sources, namely, the testicles and 
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the adrenals. These two sources of male hormones must 
be blocked simultaneously at the start of treatment in 
order to achieve the best result. In fact, the more com- 
plete the blockade of androgens is achieved, and the 
carlier this blockade is performed in the evolution of the 
disease, the more successful the treatment will be and 
cure thus becomes a clear possibility when the treat- 
ment is started before the cancer spreads to the bones. 


The role of testicular antrogens 


The first observation of the role of male hormones in 
prostate cancer was made by Huggins and his col- 
leagues in 1941 (2, 3). They then observed some dra- 
matic responses in metastatic prostate cancer patients 
treated by castration or estrogens. During the next 50 
years that followed the introduction of the concept of 
androgen dependency of prostate cancer by Huggins, 
orchiectomy (surgical castration) and high doses of 
estrogens have remained the gold standard for the 
treatment of advanced prostate cancer (Fig. 22.1). 
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Fig. 22.1 Landmarks in the development of the endocrine 
therapy of prostate cancer. 
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Professor Charles Huggins received the Nobel Prize in 
Medicine for this important discovery in 1966. 

Although this treatment or monotherapy discovered 
by Huggins is limited to blockade of the androgens of 
testicular origin, reports from many groups have 
shown that such treatment achieves a positive response 
in as many as in 60-70% of patients, although for a 
limited period of time (4-8). As indicated by such a 
high proportion of positive responses observed after 
only partial blockade of androgens, prostate cancer is 
highly sensitive to endocrine therapy. In fact, prostate 
cancer is the most sensitive of all hormone-sensitive 
cancers to endocrine therapy. 

The serious and frequently lethal cardiovascular and 
cerebrovascular complications of estrogens (5, 9, 10) 
on one hand, and the psychological (11, 12) as well as 
physical limitations of surgical castration on the other 
hand, have generally delayed endocrine treatment until 
late stages of the discase when pain and debility had 
developed. Typically, at such a late stage, the large and 
disseminated tumors show poor and short-lived 
responses, thus limiting the success of endocrine 
therapy. In fact, in analogy with all other types of 
cancers, androgen blockade looses its effectiveness with 
increasing size of the tumors (13). 

The discovery that LHRH agonists could achieve 
medical castration, or completely block the activity of 
the testicles, was a completely unexpected scicntific 
finding. In fact, treatment of adult male animals for a 
few days with LHRH agonists led to variable degrees of 
inhibition of serum testosterone levels accompanied by 
a relatively smaller but usually significant inhibition of 
ventral prostate, seminal vesicle, and testis weight 
(14-19). This unexpected finding did not fit the well- 
established dogma in whole medicine, where the synthe- 
sis of an analog more potent than the natural hormone 
is always found to induce a higher greater biological 
response. The studies that followed demonstrated that 
man is the most sensitive of all species to the castration 
effect of LHRH agonists, thus facilitating the develop- 
ment of this uniquely efficient and well-tolerated 
method of castration, which is now widely used world- 
wide. Thus, prostate cancer patients treated with an 
LHRH agonist (Buscrelin), the 500 ug dose of the 
LHRH agonist administered intranasally, caused 70% 
and 85% inhibitions of the scrum levels of testosterone 
and dihydrotestosterone (DHT), respectively, as early as 
2 weeks after the start of therapy (Fig. 22.2) (20). This 
marked inhibition of the serum concentration of both 
testosterone and DHT followed an initial period of 
stimulation that lasted approximatcly 1 week. It was 
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Fig. 22.2 Effect of twice daily intranasal administration of the 
LHRH agonist Burerclin on the serum levels of (a) testos- 
terone and (b) DHT in the first prostate cancer patient treated 
with an LHRH agonist (20). 


concluded that medical castration with LHRH agonists, 
easily achieved in men (20-23), has eliminated all the 
limitations described above, including the serious and 
even life-threatening side-effects of previous therapies, 
especially estrogens (5, 9, 10). 

The availability of a safe and highly efficient method 
of medical castration with LHRH agonists free of the 
side-effects of estrogens and surgical castration has 
generated renewed interest in the treatment of prostate 
cancer and has stimulated an unprecedented number of 
clinical studies, which rapidly led to the worldwide 
commercialization of a series of LHRH agonists having 
equivalent characteristics, mechanisms of action, and 
efficacy. 


The role of the androgens of 
adrenal origin 


Following the discovery of the castration effect of 
LHRH agonists summarized above, the next most 
important advance made in our understanding of the 
biology and endocrinology of prostate cancer and its 
impact on cancer treatment is probably the observation 
that humans and some other primates are unique 
among animal species in having adrenals that secrete 
large amounts of the inactive precursor steroids 
dehydroepiandrosterone (DHEA), its sulfate DHEA-S, 
and some androstenedione, which are converted into 
potent androgens in a large series of peripheral tissucs, 
including the prostate (Fig. 22.3). In fact, the plasma 
concentration of DHEA-S secreted by the adrenals in 
adult men is 100-500 times higher than that of testos- 
terone (24), the main secretory product of the testicles. 
Such high circulating levels of DHEA-S (and also 
DHEA) provide high amounts of the prehormones or 
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Fig. 22.3 Intracrine activity of the human prostate or biosyn- 
thetic steps involved in the formation of the active androgen 
dihydrotestosterone (DHT) from testicular testosterone as 
well as from the inactive adrenal precursors dehy- 
droepiandrosterone (DHEA), DIIEA-sulfate (DHEA-S), and 
androstenedione in human prostatic tissue. 178-HSD = 178- 
hydroxysteroid dehydrogenase; 38-HSD = 3B-hydroxysteroid 
dehydrogenase/A*-.A*-isomerase. The widths of the arrows 
indicate the relative importance of the sources of DHT in the 
human prostate: 60% originating from the testes and 40% 
from the adrenals in a 65-year-old men. The testis secretes 
testosterone (T), which is transformed into the more potent 
androgen DHT by Sa-reductase in the prostate. Instead of 
secreting T or DHT directly, the adrenal secretes very large 
amounts of DHEA and DHEA-S, which are transported in the 
blood to the prostate and other peripheral tissues. These inac- 
tive precursors are then transformed locally into the active 
androgens T and DHT. The enzymatic complexes DHEA sul- 
fatase, 3B-HSD, 176-HSD, and Sa-reductase are all present in 
the prostatic cells, thus providing 40% of total DHT in this 
tissuc. 


precursors required for conversion into active andro- 
gens in the prostate, as well as in other peripheral 
intracrine tissues. 


Intracrinology 


The local synthesis of active steroids in peripheral 
target tissues has been called intracrinology (25, 26) 
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Fig. 22.4 Schematic representation of endocrine, paracrine, 
autocrine, and intracrine secretion. Classically, endocrine 
activity refers to the hormones secreted in specialized glands 
(endocrine glands) for rclease into the general circulation and 
transport to the distant target cells. In addition, hormones 
released from one cell can influence neighboring cells 
(paracrine activity) or can cxert a positive or negative action 
on the same cell (autocrine activity). Intracrine activity 
describes the formation of active hormones from inactive pre- 
cursors in the same cells where these exert their action 
without significant relcase into the extracellular compartment 
and the general circulation. 


(Fig. 22.4). The active androgens made locally in the 
prostate excrt their action by interacting with the 
androgen receptor in the same cells, where their synthe- 
sis takes place without being released in the extra- 
cellular environment. Contrary to the previous belief 
that the testes are responsible for 95% of total andro- 
gen production in men (as suggested by simple measu- 
rement of circulating serum testosterone), it is now well 
demonstrated that the prostatic tissue efficiently trans- 
forms the inactive steroid precursors DHEA-S and 
DHEA, into the active androgens testosterone and 
DHT. In fact, the prostate synthesizes its own andro- 
gens to a level comparable to the androgens of testi- 
cular origin (24, 27-29). 


Combined androgen blockade 


A serics of prospective, randomized, and controlled 
clinical trials have demonstrated that life could be pro- 
longed in prostate cancer, with combined androgen 
blockade. Although the clinical data are not yet 
available for bicalutamide, the two anti-androgens 
flutamide and nilutamide have been shown, in prospec- 
tive and randomized studies, to prolong life, to increase 
the number of complete and partial responses, to delay 
progression, and to provide better pain control (thus 
improving quality of life) in metastatic prostate cancer 
when added to surgical or medical castration compared 
to castration alone (30-36). In the first large-scale 
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randomized study, patients who were treated with 
fluramide and lupron lived, on average, 7.3 months 
longer than those who received lupron plus placebo 
(30). Analysis of all the studies performed with 
flucamide and nilutamide associated with medical or 
surgical castration, compared to castration plus 
placebo, shows that overall survival is increased by an 
average of 3-6 months (30-38). Since about 50% of 
patients at that age die from causes other than prostate 
cancer, this difference in overall survival translates into 
an average of 6-12 months of life gained for cancer- 
specific survival, which are obtained by adding 
flucamide or nilutamide to castration. These data 
demonstrate the particularly high level of sensitivity of 
prostate cancer to androgen deprivation, even at the 
very advanced stage of metastatic disease. 

Using the trials where sufficient information pub- 
lished in scientific journals was available to permit 
rigorous statistical analysis of the data, Caubct et al. 
(34) have shown a relative risk of approximately 0.8 in 
favor of combination therapy for both time to progres- 
sion and survival. In other words, the addition of a 
pure anti-androgen to castration decreases by approx- 
imately 20% the risk of progression of disease and 
overall death compared to castration alone in advanced 
metastatic prostate cancer. In a meta-analysis, which 
included all published as well as unpublished trials of 
variable size and quality in addition to a short median 
follow-up of only 40 months, the difference in survival 
in favor of combination therapy did not quite reach the 
level of statistical significance in a two-sided test, the P 
value being 0.09 for flutamide (37-40). The conclu- 
sion, however, was misleading and almost suggested 
the absence of effect while, in fact, the difference was 
almost statistically significant. Another problem with 
the meta-analysis is the absence of recognition that the 
steroidal anti-androgen, cyproterone acetate, is differ- 
ent from the pure anti-androgens which, in turn, arc all 
different from each other. An analysis (38) of the same 
but more mature data, with the addition of some new 
data, performed 2 years later, showed a statistically 
significant benefit on overall survival by adding a pure 
anti-androgen, especially Flutamide, to castration com- 
pared to castration alone. 

Bennett et al. (36) have performed a meta-analysis of 
all peer-reviewed published randomized controlled 
trials comparing treatment with flutamide in associ- 
ation with medical (LHRH agonist) or surgical castra- 
tion with castration alone in advanced prostate cancer. 
Nine studies with 4128 patients were included in the 
analysis, which demonstrated a statistically significant 
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10% improvement in overall survival with the combi- 
nation therapy using flutamide compared to castration 
alone (Figs 22.5 and 22.6) (Table 22.1). As mentioned 
above and predicted (40), the difference has also 
become statistically significant in the most recent 
PCTCG analysis (41, 42). 

With the clinical data summarized above, the contro- 
versy concerning combined androgen blockade should be 
part of history and the addition of a pure anti-androgen 
should be recognized by all, as providing an advantage 
of 3-6 months of life in metastatic disease. When consid- 
ering cancer-specific survival, life is prolonged by 6- 
12 months when flutamide is added. Comparable 
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Fig. 22.5 Relative risk for Flutamide plus medical or surgical 
castration vs. medical or surgical castration alone from nine 
individual phase III randomized trials. Bennet et al. Prostate 
Cancer and Prostatic Disease 1999, 2, 4-8. 
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Fig. 22.6 Combined androgen blockade or the blockade of 
androgens of both testicular and adrenal origins should be 
achieved at start of treatment. 
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Hazard ratios and 95% of confidence intervals using alternative methods for estimating hazard ratios for survival 


Table 22.1 

data (this study) and comparison with results from the 1995 and 1999 PCTCG analyzes 
Year of Method 

analysis meta-analysis 

(36) Literature-based 


Patient-level 
Patient-level 


PCTCG (1995) 
PCTCG (1999) 


Number 
RR 95% of studies 
0.90 0.79 9 
0.91 0.84 10 
0.92 0.89 12 


In favor of Flutamide + castration versus castration alone 


benchits are obtained with nilutamide (Anandron) (33). 
Combined androgen blockade is thus the only oppor- 
tunity to prolong life for men with advanced prostate 
cancer. This is the only means of gaining months of life 
of good quality. Moreover, combined androgen block- 
adc leads to a greater proportion of positive and more 
complete responses, causes a more rapid and more com- 
plete decrease of pain and it delays the progression of the 
discase. Finally, recent data clearly suggest that com- 
bined androgen blockade might well be the best treat- 
ment for localized prostate cancer (as already recognized 
for advanced discase). With long-term treatment of local- 
ized prostate cancer, the evidence obtained even suggests 
cure of the discase for a large proportion of patients (43). 


Early diagnosis and treatment 


As part of the prospective, randomized, and controlled 
Laval University Prostate Cancer Detection Program 
(LUPCDP), men aged 45-80 years were randomly 
selected for screening tests from the electoral rolls of 
Quebec City and its vicinity. Men in the control group 
not invited for screening and treatment were followed 
according to current medical practice for diagnosis of 
prostate cancer and werc identified during follow-up in 
the Quebec Cancer Death Registry, while the men 
sclected for screening were invited to participate by 
letter and were followed by annual visits at the prostate 
cancer clinic. To minimize bias, no public announce- 
ment was made through the media. From November 
1988 to December 1994, a total of 7195 men (> 99% 
Caucasians) in the invited group of the electoral rolls 
were examined at first visit; and 30 891 follow-up visits 
were performed. The number of men selected in each 
age group was proportional to that in the general male 
population. Other men (4616), not invited for screening 
as part of the LUPC Detection Program, received the 
same screening tests at first visit, while 15 860 follow-up 
visits were performed in this group of not-invited men. 


Since the population of invited men is exclusively 
composed of previously unscreened men, we have the 
opportunity to obtain information specific for each 
visit, and thus compare the findings at first visit with 
those obtained at annual follow-up visits. Since no 
difference was found between the men invited for 
screening and those who come to our clinic for screen- 
ing on their own, the data were pooled. It can be seen 
that 16.6% of 11 811 men at first visit had abnormal 
PAS, while at 46 751 follow-up visits PSA was abnor- 
mal in 15.6% of cases (Fig. 22.7). The distribution of 
serum PSA at all first and follow-up visits can be more 
easily visualized on the same Figure, which shows that 
at first (11 811) and follow-up (46 751) examinations, 
83.4% and 84.4% of men have serum PSA within 
normal limits or below 3.0 ng/ml. It can also be seen 
on this Figure that serum PSA was at or below 
2.0 ng/ml in 72.5% of men at first visits and 73.6% of 
them at follow-up visits (Fig. 22.8). Because the goal of 
detection of prostate cancer is to find cancer at a 
curable stage, it is of major interest that of the 206 
cancers found among invited men where clinical 
staging could be performed at first visit, 151 (73.3%) 
were at stage A/B, 42 (20.4%) were at stage C, and 13 
(6.3%) were at stage D. At follow-up visits, of the 124 
evaluable cancers, 110 (88.7%) were at stage B, 13 
(10.5%) were at stage C, and only one (0.8%) was at 
stage D. Similar values were observed in invited and 
not-invited men. Figure 22.9 shows the results obtained 
when all data are pooled for a total of 337 cancers at 
first visit and 215 cancers at follow-up visits. As it has 
been demonstrated, the diagnosis of metastatic prostate 
cancer can practically be eliminated by screening (44 
and the present data), thus offering a unique opportu- 
nity to use curative therapies and decrease death from 
prostate cancer. If every man simply follows the recom- 
mendations of the American Cancer Society (45) and of 
the Amcrican Urological Association (46), namely 
annual screening starting at the age of 50 years in the 
general population and at 40 years for men at high 
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Fig. 22.7 Distribution of serum PSA at first and follow-up visits in 45-80-year-old men. 
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Fig. 22.8 Prevalence (first visits) and incidence (follow-up visits) of prostate cancer in men invited or not invited for screening. 


risk, the proportion of localized or potentially curable 
prostate cancer can be increased from approximately 
40% in the absence of screening (47-50) to close to 
100% (44 and present data). 


Early hormonal treatment 


The major source of controversy concerning early 
diagnosis and early treatment of prostate cancer is 
that, until recently, no prospective and randomized 
trial had shown statistically significant benefits of 
treatment of localized prostate cancer on survival (51, 


52). Such an absence of studies and consequently such 
as absence of results have been erroneously interpreted 
as being equivalent to the availability of negative data, 
despite the fact that negative data have never been 
obtained. 

Two prospective randomized trials have recently 
demonstrated for the first time that not only quality of 
life but, most importantly, prolongation of life was 
observed in localized prostate cancer patients treated 
with androgen blockade. In the EORTC (European 
Organization for Rescarch and Treatment of Cancer) 
trial performed in stage T;-patients, overall survival at 
5 years was increased from 62% in the group of 
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Fig. 22.9 Distribution of clinical stages of 337 and 215 (327 and 206 staged) prostate cancers diagnosed ar first and follow-up 
screening visits, respectively. Data are expressed as percentage of total number of staged cancers in each group to facilitate com- 


parison. 


patients who received radiation therapy alonc to 79% 
(45% difference) in the group of patients who received 
androgen blockade using an LHRH agonist for 3 years 
and an anti-androgen for 1 month in association with 
radiotherapy (51). Death from prostate cancer at 5 
years was decreased by 77% by androgen blockade. A 
20% improvement in overall survival at 5 years has 
also been found in RTOG trial 08351 in the subgroup 
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Fig. 22.10 Effect of screening on the incidence of death from 
prostate cancer. Screening permits a 69% decrease in prostate 


cancer death compared to the group of men followed by stan- 
dard medical practice. 


of high Gleason score patients who received androgen 
blockade (LHRH agonist) indefinitely or until progres- 
sion (53). 

Following a long controversy, a large prospective and 
randomized clinical trial performed by the Medical 
Research Council Prostate Cancer Working Party 
Investigators Group (54) has shown the benefits of early 
androgen blockade in a study of 938 patients with 
locally advanced or asymptomatic metastatic disease. 
The paticnts were randomized to immediate androgen 
blockade (orchiectomy or LHRH agonist) versus treat- 
ment deferred until symptoms developed. Marked 
benefits of carly treatment were observed on time to 
progression and development of pain. Complications 
from metastatic disease were twice as frequent in the 
deferred group and, most importantly, a 21% decrease 
in cancer-specific death was observed in paticnts who 
had carly androgen blockade. It can be added that the 
69% decrease in the incidence of death from prostate 
cancer observed during the first 8 years of our random- 
ized and prospective study on prostate cancer screening 
can only be due to the treatments used (Fig. 22.10). 


Watchful waiting 


While deferred treatment or watchful waiting can 
sometimes be an approach that can be considered in 
men having a short life-expectancy and diagnosed with 
low-grade localized disease, the data summarized 
above clearly limit the indication of this approach to a 
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small proportion of patients who should, in any case, 
be well informed about the recently available data and 
the risks involved in deferring treatment. In fact, the 
controversy over screening largely results from the pub- 
lication of a few but much publicized reports on the 
potential value of deferred treatment for localized 
prostate cancer in selected men older than 70 years. 
The questionable conclusions derived from case reports 
have been erroneously extended to prostate cancer in 
gencral. In fact, all these reports are from uncontrolled 
studies, which simply describe data obtained from 
small series of highly selected patients. These patients 
werc selected for deferred treatment because of a more 
favorable prognosis. Moreover, almost all such patients 
were treated at first sign of progression (55-63). 


Long-term combined androgen 
blockade for localized prostate 
cancer 


Prostate cancer growing in the prostate or in the tissue 
surrounding the prostate is very different from cancer 


GENETIC 
ALTERATION 


DETECTABLE BY 
PSA and/or DRE and TRUS 


LOCALIZED 
CANCER 


Prostate cancer 


growing in the bones. Localized prostate cancer is 
exquisitely sensitive to combined androgen blockade 
and can apparently be cured by long-term treatment. On 
the other hand, when prostate cancer has reached the 
bones, life can only be prolonged but curc is rare and 
can, at best, be expected in only 10-20% of patients. 

Prostate cancer does spread selectively from the pro- 
static area to the cancellous bones of the axial skeleton 
where it produces osteoblastic lesions (64). The fact 
that prostate cancer grows prefcrentially in the bones 
could be related to the paracrine secretion by bone cells 
of growth factors, which stimulate prostate cancer thus 
facilitating the proliferation of prostatic cancer cells in 
this tissue (65, 66). In fact, bone fibroblasts were the 
most potent stimulators of human prostate cancer 
LNCaP cell growth. This may well explain why 
prostate cancer growing in the bones progressively 
becomes independent from androgens. 

The fact that localized prostate cancer responds 
much better than bone metastases to androgen block- 
ade is a well-known fact recognized by all urologists 
and physicians treating prostate cancer. Typically, 
when a patient suffering from metastatic prostate 
cancer receives combined androgen blockade, there is a 
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Fig. 22.11 Schematic representation of the evolution of prostate cancer from appearance of the first genetic change which fol- 
lowing other mutations, will lead to a cancer cell. For years, the cancer cells can be seen by histology or gene markers but it is 
only when the rumor reaches a relatively large volume (0.3 cm) that diagnosis can be made by screening using PSA, digital rectal 
examination, and transrectal echography of the prostate. At that stage of possible diagnosis by screcning, approximatcly 50% of 
the cancers have already migrated outside the prostate and are not organ-confined. Radical prostatectomy can cure the disease 
when the cancer is organ-confined. Radiotherapy and brachytherapy (seed implants) arc believed to have about equal efficacy. 
Combined androgen blockade can also cure the disease if treatment is started before the cancer migrates to the bones. At the 
advanced stage of bone metastasis, only combined androgen blockade is active against the disease and can prolong life com- 
pared to monotherapy although the possibility of a cure is minimal. Much remains to be understood about the treatment of 
localized discase but this diagram is drawn according to the best knowledge available today. 
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much more rapid regression of the cancer at the pro- 
static compared to the metastatic level. Most impor- 
tantly, when the cancer progresses again, after a period 
of remission, the site of cancer progression is almost 
always in the bones and rarely at the prostatic level. 
Thus, the degree of androgen-dependency of prostate 
cancer growing in the prostatic area is much higher 
than the cancer growing in the bones. All available 
means should thus be taken to prevent prostate cancer 
from migrating to the bones where treatment becomes 
extremely difficult and curc, or even long-term control 
of the disease, is an exception. The only way to prevent 
prostate cancer from migrating to the bones and 
becoming incurable is treatment of localized disease. It 
is also clear from the data summarized below that com- 
bined androgen blockade could well be the most 
efficient treatment of localized disease, thus adding to 
the recognition dating back for almost 60 years, that 
androgen blockade was already recognized as the best 
therapy for metastatic disease (Fig. 22.11). 

In 26 patients diagnosed with clinically localized 
prostate cancer who received Flutamide and an LHRH 
agonist as only treatment for up to 12 ycars (median = 
7.1 years), the first and still only rise of PSA when 
patients were under combincd androgen blockade 
treatment occurred in one patient after 7 years and 4 
months of treatment (Fig. 22.12). At 7.3 years of com- 
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Fig. 22.12 Progression-free survival, cancer-specific survival, 
and overall survival in 26 previously untreated patients diag- 
nosed with clinical localized prostate cancer who received as 
single treatment the anti-androgen flutamide and the LHRH 
agonist [d-trp6], des-gly-nh210] LHRH ethylamide (tryptal) 
for the indicated time intervals (median = 7.1 years, from 2.8 
to 11.7 years). These data are those obtained when patients 
were under continuous CAB. 
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bined androgen blockade (n = 10), the estimated 
response rate is thus 90% with a 95% confidence 
interval of 74-100%. 

The side-effects of combined androgen blockade are 
well tolerated, namely hot flushes usually lasting for a 
few months at start of therapy, impotence, and loss of 
libido (24, 30, 32). It can be mentioned that the combi- 
nation of Flutamide and an LHRH agonist leads to an 
improved lipid profile compared to orchiectomy (67). 


The role of surgery and radiotherapy 


Although the number of patients is limited, the present 
data clearly indicate that combined androgen blockade 
alone is very efficient for the treatment of clinically 
localized prostate cancer, its ability to control the 
disease being apparently superior to that of radical 
prostatectomy and radiation therapy alone (Fig. 
22.13). In fact, although a 15-year follow-up is 
required to assess the long-term effect of treatment of 
localized prostate cancer, it is recognized that local 
recurrence and especially serum PSA can be used as a 
surrogate parameter to evaluate efficacy (68, 69). 
Without a randomized study, however, it is not possi- 
ble to strictly compare onc clinical series with another. 
Despite these limitations, it is of interest to see in Fig. 
22.13 that che 5-year actuarial rate of recurrence in a 
similar category of patients who had radical prostatec- 
tomy was 24% at the Johns Hopkins Hospital (70), 
while it was 57% at the Boston University Medical 
Center (71), and 31% in a comparable series at the 
UCLA Medical Center (72). In a scrics of stage T1-2 
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Fig. 22.13 Comparison of the failure rate after combined 
androgen blockade (first failure at 7.3 years in this study) 
versus the failure rates of 24%, 57%, 31%, and 39% at § 
years after radical prostatectomy and 35%, 40%, and 59%, 4 
years after the start of radiation therapy. 
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prostate cancers at the Cleveland Clinic Foundation, 
the 5-year recurrence rate was calculated at 39% (73). 
Similarly, PSA failure after radiation therapy has 
identified a high level of cancer recurrence. Thus, 
following radical irradiation for T1 and T2 disease, 
the 4-year % actuarial rate of recurrence has been 
reported at 35% for the Boston University Hospital 
(68) and 59% for Baylor University (74). A 5-year 
recurrence rate of disease-free survival has been calcu- 
lated at 40% at the M. D. Anderson Hospital (75). 
The only patient who died from prostate cancer 
showed biochemical progression (PSA elevation) of his 
cancer 9 months after arrest of combined androgen 
blockade. Prior to cessation of combined androgen 
blockade, this patient had received combined andro- 
gen blockade for 5.0 years. Since serum PSA had 
remained undetectable during continuous treatment 
with combined androgen blockade alone for as long as 
11.7 years (median: 7.2 years) in 25 of the 26 patients 
(96%), treatment has been stopped in 20 patients of 
this group. Of the group of 20 patients who stopped 
combined androgen blockade after a median duration 
of 7.2 years (from 2.8 to 11.7 years), and who have 
been followed for a median duration of 3.9 years 
(from 0.0 to 5.9 years), progression has occurred in 
only two patients (Fig. 22.14). In both cases, progres- 
sion occurred within 1 year after cessation of com- 
bined androgen blockade. In one patient, no treatment 
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Fig. 22.14 Illustration of the duration of treatment with con- 
tinuous CAB in the 26 stage T3 patients who stopped CAB 
after a median duration of 9.9 years of treatment and follow- 
up after cessation of CAB in these patients. 
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was given because of poor gencral health, while the 
second patient died from prostate cancer nearly 
4 years after stopping combined androgen blockade 
received continuously for 5 years. This patient was 
first treated with Lupron alone when PSA reached 
1.7 ng/ml with no significant PSA response. Anandron 
was then added to Lupron approximately 1 year later 
when PSA had reached 6.6 ng/ml. Serum PSA con- 
tinued to increase and the patient died from prostate 
cancer 2 years later. Two patients died from lung 
cancer, while two died from a cardiac infarct. 

Very different results are scen when combined 
androgen blockade is administered for only 1 year in a 
similar group of patients (Fig. 22.15). Of the 11 clinical 
stage B2/T2 patients who stopped combined androgen 
blockade after only 1 year of treatment, PSA increased 
within l year in all of them except one patient who 
died early from cardiac failure. Serum PSA rapidly 
returned to undetectable levels in the six patients when 
combined androgen blockade was restarted. 

As summarized in Fig. 22.16, the present data show 
a dramatic effect of duration of treatment with com- 
bined androgen blockade on the PSA failure rate after 
cessation of endocrine therapy. In fact, while serum 
PSA did not remain undetectable for 1 year after cessa- 
tion of combined androgen blockade in any of the 
11 patients who had received combined androgen 
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Fig. 22.15 Changes in serum PSA after cessation of CAB 
(LHRH agonist + Flutamide) in 20 patients with stage T2 
disease, who had received CAB alone, continuously for a 
median of 7.2 vears. Serum PSA increased in only two 
patients during a median follow-up of 3.9 years. 
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Undetectable PSA after cessation of 
continuous combined androgen blockade: 
stages T2-T3 (0.0-7.0 years of follow-up) 
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Fig. 22.16 Percentage of patients where serum PSA remained 
undetectable following cessation of CAB in 57 stage T2 or T3 
prostate cancer patients who received combined androgen 
blockade for median duration of 1 year (0%: 0/11 stage T2 
patients), 7.2 years (90%: 18/20 stage T2 patients), or 9.9 
years (81%: 21/26 stage T3 patients). 


blockade for only 1 year (Fig. 22.15), 90% of the same 
category of patients (stage T2) who had received com- 
bined androgen blockade for a median duration of 
7.2 years remained with undetectable PSA for a median 
follow-up of 3.9 years (Fig. 22.14). Morcover, 81% of 
stage T3 paticnts treated for a median duration of 
9.9 years with continuous combined androgen block- 
adc had undetectable PSA during a median 4.4-year 
follow-up period following cessation of combined 
androgen blockade (Fig. 22.16). Although the mainte- 
nance of scrum PSA at undetectable levels after cessa- 
tion of combined androgen blockade cannot be 
considered equivalent to cure or complete apoptosis of 
the tumors, it certainly indicates that chronic treatment 
with continuous combined androgen blockade has a 
major impact on the viability of the cancer. 


Intermittent hormonal therapy 


Intermittent androgen blockade has become widely 
used recently by urologists without any valid support 
from randomized clinical trials. The main argument for 
intermittent therapy is the possibility of regaining 
libido and sexual potency between the periods of treat- 
ment. The return of libido and sexual potency takes 
months after the arrest of androgen blockade, thus 
scriously limiting the value of this argument. Indeed, 
after a single administration of a 3-month depot 
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formulation of an LHRH agonist, the median duration 
of castrated levels of testosterone in 13 patients was 6 
months and the median duration of hypogonadal 
symptoms was 13.6 months, in parallel with the return 
of serum testosterone towards baseline levels (76). In 
fact, at 6 months, castrated levels of testosterone were 
maintained in 10 (77%) of 13 patients. In patients who 
had received an LHRH agonist for a mean of 38.6 
months (range 25-82 months) before discontinuation 
of treatment (77), no significant increase in serum 
testosterone or LH occurred up to 6 months. Four of 
the 14 patients continued to have suppression of testos- 
terone at 12 months. Similarly, a few reports have 
described the prolonged inhibition or the persistent loss 
of recovery of testosterone after long-term estrogen 
administration (9, 78). It is clear from the above-sum- 
marized data that one of the arguments for intermittent 
therapy, namely a return of libido and sexual porency 
during the intermittent period of no treatment, does 
not occur in many, and probably in the majority of 
patients. In fact, in most men, libido and sexual 
potency arc unlikely to return before PSA rises again 
and treatment must be started. 
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Introduction 


The incidence of prostate cancer has increased dramat- 
ically over the past few years due to heightened public 
awareness, screening programs, more widespread use 
of prostatic-specific antigen (PSA), and advanced 
imaging techniques. Prostate cancer is the most 
common cancer (excluding skin cancer) in American 
men, and the sccond leading cause of death from 
cancer in men, exceeded only by lung cancer. The 
American Cancer Socicty estimates that there will be 
about 179 300 new cases of prostate cancer in the 
United States this year, and about 37 000 men will dic 
of this disease (1). Although men of any age can get 
prostate cancer, it is found most often in men over 50. 
Fight of ten of the men with prostate cancer are over 
the age of 65. Prostate cancer is about twice as 
common among African-American men as it is among 
white American men. It is also most common in North 
America and northwestern Europe. It is less common in 
Asia, Africa, Central America, and South America. 

Of men with prostate cancer, 89% live at least 5 years, 
and 63% survive at least 10 years. Once cancer has 
spread, 5-year survival is around 31% (2). Discovery of 
the HPC1 gene has yielded information about inhcrited 
risk of prostate cancer (3, 4). Controversy surrounds the 
advisability and effectiveness of screening, the most 
appropriate staging evaluations, and the optimal manage- 
ment of patients with all stages of prostate cancer. For 
metastatic disease, hormonal therapy is clearly indicated. 
Uncertainty exists about the optimal therapy and timing. 
For the patients who have become refractory to hor- 
monal therapy, new therapeutic strategies are needed. 


Advanced disease 


Approximately 30-35% of patients with prostate 
cancer will present with regional or metastatic tumors, 


while an additional 25% will develop metastases in the 
course of rhe disease. Mctastases are commonly to 
bone, where the lesions can be scen on X-ray as 
osteosclerotic lesions or on a bone scan as areas of 
increased activity ‘hot spots’. In patients presenting 
with metastatic disease and receiving androgen abla- 
tion, median survival is 2.5 years (5). 


Hormone-naive disease 


The mainstay of therapy is androgen ablation, which is 
palliative rather than curative. Hormonal therapy can 
produce objective tumor regression in soft-tissue sites in 
upwards of 80% of cases, normalization of an abnor- 
mal PSA in 70%, and an improvement in the bone scan 
in 30-50% of cases (6). With monotherapy such as 
orchiectomy, estrogens, or luteinizing hormone-releas- 
ing agonists, 50% will live less than 2 years, and 90% 
will dic within 3 years (5). Orchiectomy has been the 
gold standard endocrine therapy for many years. 
However, in most parts of Europe and the world, 
medical therapy is more acceptable to patients than sur- 
gical castration, both for psychological and cultural 
reasons. Non-steroidal anti-androgens 
flutamide, bicalutamide, and nilutamide act directly on 
prostatic cclls and avoid loss of sexual potency. 
Bicalutamide, another non-steroidal anti-androgen, has 
a longer half-life, making once a day administration 
suitable. There may be fewer side-effects than with 
flutamide (7). Three-monthly depots have become avail- 
able, which require less frequent administration (8). 

Combined androgen blockade (CAB) was conceived 
as a means of blocking the adrenal androgens. The 
main advantages to the combination of a LHRH 
analog and an anti-androgen is blockade of thc LHRH 
agonist flare. Many investigators with contradictory 
results have evaluated CAB compared to androgen sup- 
pression (AS) alone. 


such as, 
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In the NCI Intergroup trial, androgen blockade with 
leuprolide and flutamide resulted in a longer 
progression-free survival and over-all survival than 
with leuprolide alone in patients with minimal disease 
and good performance status (9). In the FORTC study, 
treatment with goserelin and flutamide was associated 
with a longer time to objective progression and longer 
survival than orchiectomy alone (10). Nilucamide plus 
orchiectomy proved to be morc effective than orchicc- 
tomy alone for metastatic prostate cancer (11). 

A meta-analysis of 22 trials with 5425 patients, 2720 
treated with CAB and 2705 with monotherapies, 
revealed 5-year survival of 20% with CAB and 17% 
with monotherapy. Although the risk of death was 
reduced by 7%, the standard deviation for this observa- 
tion was 4%, which was not statistically significant (12) 

This collaborative meta-analysis was recently 
updated to include 8275 men; 98% of men being ran- 
domized between CAB and AS alone. Five-year survival 
was 25.4% with CAB versus 23.6% with AS alonc, a 
non-significant gain of 1.8% (13). The results of cypro- 
terone acetate (CPA) seemed slightly unfavorable; 
27.6% CAB versus 24.7% AS alone, a difference of 
2.9%. Addition of AS appeared to improve 5-year 
survival by about 2-3%. 

For patients with widespread bone or soft-tissue 
metastases and a poor performance status, responses 
are characteristically short, and CAB appears not to 
provide a significant advantage over LHRH agonists or 
orchiectomy alone. The major disadvantage of CAB is 
that available LHRH analogs and pure anti-androgens 
are expensive. Nonetheless, CAB has been widely 
accepted as standard first-line therapy in many coun- 
trics, particularly in younger patients (14). 


Hormone refractory prostate 
cancer 


Hormone-refractory prostate cancer is defined as pro- 
gressive disease despite castration serum levels of 
testosterone. The development of hormonal resistance 
predictably occurs after androgen deprivation. The 
median time to progression is 18 months, with median 
survival of approximately 6 months (15). Following 
disease progression, some remaining androgen-sensitive 
cells may respond to second-line hormonal therapy. 
Bone is the primary and only site of metastases in 
65% of patients who present with metastatic prostatic 
cancer. For this reason, objectively measurable criteria 


Prostate cancer 


for response evaluation are often lacking. In many 
patients, bone pain and decreased performance status 
are predominant, and relief of these symptoms may 
be as important as prolongation of survival. 
Contemporary trials seem to suggest that prostate 
cancers are not as resistant to therapy as previously 
believed. This is due in part to the change in reporting 
of results in prostate cancer. Many older trials did not 
use PSA and included patients with stable disease as 
responders. 

Use of surrogate endpoints, such as reduction in PSA 
or improvement in pain, has been useful in the evalu- 
ation of new agents. An evaluation of quality of life has 
become a fundamental part of many prostate cancer 
studies. Although the value of PSA decline as a measure 
of therapeutic benefit has not been definitively estab- 
lished, studies have shown that a > 50% to > 80% 
decrease in PSA may be associated with prolonged 
survival (16). 

There are problems in the interpretation of post- 
therapy PSA. PSA expression is modulated by a 
number of agents, including androgens, retinoids, and 
vitamin D, as well as growth factors. A drug may 
decrease PSA release without killing cells. This can be 
accounted for in the clinic by requiring a given degree 
of decline be documented more than once, and be 
maintained for a defined period of time before classify- 
ing a patient as having a ‘benefit’. For instance, after 
cis-retinoic acid or other differentiating agents, an 
increase in PSA may proceed a decline. 


Second-line hormonal therapy 


Second-line hormonal treatment works by diminishing 
circulating adrenal androgens, which may cause tumor 
regression by suppressing any remaining hormone 
dependent prostatic cancer cells. Symptom relief often 
occurs rapidly, suggesting a mechanism other than 
adrenal suppression. A variety of hormonal therapies, 
such as flutamide, have becn used as second-line 
therapy with modest results that have been well-docu- 
mented (5). It appears that there is a modulation of the 
testosterone receptor that may be clinically useful after 
patients no longer seem to respond to hormonal 
therapy. 

One of the most interesting observations has been 
called the ‘flutamide withdrawal syndrome’. This was 
first described at Memorial Hospital in New York by 
Scher et al. (17). Up to 40% of patients failing CAB 
may respond when the anti-androgen is discontinued. 
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This seemingly paradoxical response was first docu- 
mented with flutamide withdrawal, but was subse- 
quently shown to occur with two other non-steroidal 
anti-androgens, bicalutamide and nilutamide (17). 

Addition of a higher dose of bicalutamide, 150 mg 
daily, has also shown to be efficacious as second-line 
therapy in this setting (18). Megace and dexametha- 
sone are less expensive secondary hormonal therapies. 
Steroids, in particular, may produce symptomatic 
improvement and diseasc regression. There are 
undoubtedly objective responses in 10-30% of patients 
(5, 19). 


Other hormonal therapies 


Ketoconazole 


Ketoconazole is an oral imidazole derivative with anti- 
fungal properties that works through a hormonal- 
adrenal mechanism and by inhibiting the cytochrome 
P450 enzyme system. It totally blocks all steroid pro- 
duction, including that of the adrenal glands, making 
endogenous steroid replacement a necessity for Patients 
in treatment with ketoconazole. In one study, keto- 
conazole in combination with hydrocortisone, pro- 
duced a > 50% decline in PSA in 30 of 48 (63%) 
patients treated with the combination of ketoconazole 
and hydrocortisone, for a median of 3.5 months. In 
addition, 48% had > 80% decline in PSA, with 23/48 
having responses ranging from 3.25 to 12.75+ months 
(20). 

In combination with adriamycin > 50% decrease in 
PSA was seen in 57% of patients. Cardiac and impor- 
tant mucocutaneous toxicity was seen (21). It is 
unknown whether or not ketoconazole may act by 
modulation of retinoic acid breakdown. It has also 
been postulated that ketoconazole functions as a hor- 
monal agent, which serves to enhance intracellular 
adriamycin exposure through an effect on multidrug 
resistance gene product. 


Estramustine 


Estramustine (estracyt), the combination of nornitro- 
gen mustard and estradiol inhibits microtubules by a 
different mechanism of action than the vinca alkaloids. 
Overall response rates in the United States have been 
low, 0-4%, while in Europe response rates have been 
30-50% (22). Advantages include oral administration 
and lack of myclosuppression. It possesses no overlap- 
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Table 23.1 Phase II Trials of Estracyt plus Vinblasrine in 

HRPC 

Institution Year Ref >50% LPSA Mcasurable 

No Disease 

(CR+PR) 

MDAH 1991 28 13/28 (46%) 3/13 (23%) 

MSKCC 1992 25 13/24 (54%) 2/5 (40%) 

Fox Chase 1992 36 22/6 (61%) 1/7 (14%) 


= a T i 
Total 89 48/88 (55%) 6/25 (24%) 


aaae 


ping toxicities with other cytotoxic agents, as its 
primary toxicity is gastro-intestinal. 

There is evidence of synergism with of estracyt with 
vinca alkaloids, epidophyllotoxins, and taxanes in 
experimental models. It is not cross-resistant with these 
agents, and bypasses the multi-drug-resistance (p-glyco- 
protein) phenotype. Its toxicity is primarily gastro- 
intestinal, than myelosuppressive. 

Estracyt was combined with vinblastine in three scp- 
arate trials illustrated in Table 23.1. Cumulative data 
revealed a > 50% decrease in PSA in 46-61% of 
patients, with measurable disease regression in 24% 
(23-25). Two comparative randomized studies of the 
combination were published (Table 23.2). 

An American study revealed a benefit in terms of 
Progression free-survival, although not in overall sur- 
vival (P = 0.08) with the combination as compared to 
vinblastine alone (26). Overall median survival was 
11.9 months for the combination versus 9.2 months for 
vinblastine alone. The combination was superior to 
single agent vinblastine for secondary endpoints of time 
to progression (P < 0.001) median 3.7 vs. 2.2 months, 
respectively, and for the proportion of patients with > 
50% (PSA) decline sustained for at least 3-monthly mea- 
surements (25.2% vs. 3.2%, respectively; P < 0.0001). 
Granulocytopenia was less for the combination com- 
pared to vinblastine alone. However, grade > 2 nausea 


Table 23.2 Phase III Trials of Estracyt plus Vinblastine in 
HRPC 
— 
Fox Chase EORTC 
Hudes 1999 (26) Albrecht 1999 (28) 
Sea SA nO 


Treatment E+V v E+V E 

N 95 98 35 36 
>50% LPSA 25.2% 3.2% 34% 22% 
PFS/TTP 3.7 mos 2.2 mos 7.2 mos 8.1 mos 
OS/MDS 11.9 mos 9.2 mos 10.2 mos 10.9 mos 


rr 
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(26% vs. 7%) and extremity edema (22% vs. 8%) were 
more frequent for combination therapy. 

An EORTC study attempted to compare the combi- 
nation to estracyt alone. This study was stopped due to 
toxicity and found no overall difference in time to pro- 
pression or overall survival (27, 28). 


Chemotherapy 


Despite the wide disparity in reports suggesting efficacy 
of 40-80%, hormone-refractory prostate cancer is 
resistant to most chemotherapy. Objective tumor 
regression occurs in less rhan 10-20% (29), and no 
standard chemotherapy regimen has been defined. 
Median survival from study to study is similar, 30-40 
weeks. No agent or regimen has shown a consistent 
impact on survival. 

Low-dose weekly adriamycin 20 mg/m? was consid- 
ered by many oncologists in the United States as first- 
line therapy in hormone refractory prostate cancer. In 
Europe, an adriamycin analog, epirubicin, was often 
used. Response rates for adriamycin have ranged from 
0 to more than 50%, depending upon the response cri- 
teria utilized (30, 31). Mitoxantrone, another anthracy- 
cline, has modest activity as a single agent. Two 
randomized trials with mitoxantrone plus prednisone 
have been reported (32, 33). Both trials employed 
crossover designs, which may explain why palliation 
was observed with no survival benefit. The primary 
endpoint was a palliative response described as a 
decrease in analgesic use. The combination was 
approved by the FDA for the palliation of pain, and 
some consider this regimen as the new standard against 
which other approaches should be compared. 

Ftoposide (Vp-16), a podophyllotoxin derivative, is 
known to inhibit topoisomerase IT at the nuclear 
matrix level. Although not active as a single agent, the 
combination with estracyt has shown a synergistic 
effect (34-37). The combination of estracyt and etopo- 
side was first introduced in 1994, with updated results 
reported in 1997 (35). Although estracyt is best known 
as an antimicrotubule agent, it appears to act synergis- 
tically with ctoposide. The mechanism of action may 
be different from that in combination with vinblastine. 
Of 95 patients, the first 52 were treated with a dose of 
15 mg/kg/day estracyt and oral etoposide 50 mg/ 
m?/day (1 capsule bd in most) for 21 days every 28 
days. The remaining 43 patients were treated with a 
reduced dose of estracyt 10 mg/kg/day and allowed 
prior chemotherapy. Fifty of 95 (53%) had a > 50% 
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decline in PSA, with no difference in the two groups in 
response or median survival. The authors concluded 
that the 10 mg/kg/day dose was equally effective and, 
of importance, was associated with less nausca. These 
results are of interest in view of the limited activity of 
etoposide as a single agent. 

The taxoids are a new class of anti-neoplastic drugs. 
Paclitaxel (taxol) and Docetaxel (taxotere) share a 
similar mechanism of action: the promotion of micro- 
tubule assembly and inhibition of microtubule disas- 
sembly. Taxol is the active ingredient of the bark. 
Taxotere was prepared from the needles of Taxus 
baccata. Single-agent taxol has not shown to be very 
effective in HRPC. A phase TI trial of the Eastern 
Cooperative Oncology Group evaluated 24-h taxol 
135-170 mg/m’, given as a continuous infusion, every 
21 days. Of 23 measurable patients, PR was achieved 
in only 1 (14.3%) patients for 9 months 41. However, 
in combination with estracyt taxol and taxotere have 
shown activity in phase-II trials (34—39). 

The combination of estracyt and taxol, as a 96-h 
infusion showed responses in over 50% of cases (34). 
Estracyt 280 mg PO tid plus taxotere was administered 
at escalated doses from 40 to 80 mg/m? on day 2 (39). 
Dose-limiting myelosuppression was reached at 80 
me/m?. Twenty of 33 patients (61%) had a > 50% 
reduction in PSA. Of 18 patients with bidimensionally 
measurable disease, five (28%) achieved a partial 
response. At the time of entry onto the study, 15 
patients required narcotic analgesics for bone pain; 
after treatment, eight (53%) discontinued their pain 
medications. 

In a similar study, estracyt 14 mg/kg was given con- 
current taxotere every 21 days with dexamethasonc 8 
mg and then orally bd for 5 days (38). The taxotere 
dose was escalated from 40-80 mg/m2. PSA decreases 
greater than 50% from baseline were seen in 14/17 
(82%), and one patient had a partial response in lung 
and liver lesions. These combinations clearly show 
some activity in men with androgen-independent 
prostate cancer. Future trials will explore different 
schedules of administration (Table 23.3). 

Palliation of pain with decline in PSA has been 
shown with the growth factor inhibitor suramin in 
combination with hydrocortisone. In published studies, 
approximately 40-70% of patients have a > 50% 
decrease in PSA, and a 20-40% objective response 
rate. There is a wide variability in schedules, conflicting 
response rates, and a high rate of neurotoxicity. Trials 
were difficult to interpret due to the concomitant use of 
corticosteroids, and failure to recognize regression due 
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Table 23.3 Estracyr Combination Therapies in HRPC 


Ref 
Author Year No 
ITudes (34) 1997 34 
Pienta (35) 1997 62 
Smith (36) 1999 40 
Dimopolous (37) 1997 56 
Kreis (38) 1999 17 
Petrylak (39) 1999 33 


Chemotherapy >50% LPSA OR 

R+T 17/32 (53%) 4/9 (44%) 
E+Vp16 24/62 (39%) 8/15 (53%) 
E+T+Vp16 24/38 (63%) 10/16 (63%) 
E+T+Vp16 30/52 (58%) 15/33 (45%) 
E+Taxotere 14/17 (82%) 1PR 
E+Taxotere 20/33 (61%) 5/18 (28%) 


E = Fstracyt, I = Taxol, Vp16 = Eroposide 


to flutamide withdrawal. A large co-operative group 
trial of suramin plus hydrocortisone versus hydrocorti- 
sone and placebo was undertaken (40-42). The mecha- 
nisms of suramin-mediated anti-tumor activity still 
need to be clarified. Suramin, unlike mitoxantrone, did 
not reccive FDA approval, although it also showed an 
effect on palliative endpoints. 


Radiation therapy 


Bone pain is often a debilitating component of metasta- 
tic prostate cancer and should be approached systemati- 
cally. Focal irradiation to palliate bone pain for 
solitary painful bone metastases may be supplemented 
by hemibody irradiation for the palliation of wide- 
spread metastases. After allowing for adequate recov- 
ery, the alternate half-body can be irradiated. 
Sidc-effects include nausea, vomiting, diarrhea, hema- 
tologic abnormalities, and pneumonitis. In one study, 
82% receiving upper hemibody and 67% receiving 
lower half-body irradiation remained pain-free until 
death (43). Strontium-89 has been found to be effective 
in palliating bone pain, with subjective response in 
more than 75-80% of patients. This bone-seeking 
radionuclide, has high uptake in osteoblastic metas- 
tases, and remains in the tumor sites up to 100 days, 
decaying by beta-particle emission (44). It may be most 
uscful in combination with RT in delaying develop- 
ment of new lesions (6, 44). Other radionuclides such 
as Rhenium-186 and Samarium-153 conjugated to 
ligands with affinity to bone emit both gamma energies 
that provide images and beta energies that are thera- 
peutic (6). CYT-356, conjugated with Yttrium-90, a 
beta-emitter has been increasingly used in the US for 
diagnosis of occult metastatic disease (45). 


Small-cell carcinoma of the 
prostate 


An advance has been the recognition of a neuroen- 
docrine component of cells in the prostate. Cells with 
neuroendocrine features may produce a variety of neu- 
ropeptides such as serotonin, bombesin, and others, 
which regulate tumor growth and metastatic potential. 
Small-cell carcinoma of the prostate is a subtype of 
prostate cancer that often presents with advanced 
disease and docs not respond to hormones. It is also 
the most frequently acquired phenomenon in patients 
who initially present with adenocarcinoma of the 
prostate. This entity should be considered in patients 
who have rapidly progressing disease, visceral metas- 
tases and a disproportionatcly low PSA. Patients 
should be treated with chemotherapy, using regimens 
for small cell carcinoma of other sites, such as etopo- 
side and cisplatin (46). 


Dietary fat and vitamins 


An expanding body of evidence has implicated particu- 
lar nutrients in carcinogenesis and cancer progression. 
Prostate cancer has bcen associated with dietary 
factors, including fat. The incidence of prostate cancer 
is much lower in Japan than in the United States. 
Animals with prostate cancer that arc fed a high-fat 
diet have a higher growth rate of their tumors. 
Research in the United States is focusing upon modify- 
ing fat intake in individuals with prostate cancer (47, 
48). Vitamin and mineral supplement use has also been 
associated with reduced risk of prostate cancer(49). 
Further study is needed to investigate the direct role of 
these dietary supplements, as well as the role of lifestyle 
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variables associated with supplement use, on prostate 
cancer risk. 


Gene therapy and vaccine therapy 


There is a surge of interest in gene therapy with vac- 
cines in the treatment for prostate cancer and other 
tumors. Gene therapy usually involves the transfer of 
genetic probes. There are many different approaches to 
gene therapy. Genetic immunization (polynucleotide 
vaccination, DNA vaccines) is a process whereby gene 
therapy methods are used to create vaccines and 
immunotherapies. The hypothesis is that genomic alter- 
ation causes the malignant phenotype, and that tumor- 
ogenesis is a multi-step pathway. A number of different 
gene therapy strategies are currently being evaluated. 

The ex vivo and many of the im vivo therapies 
involve stimulating a specific anti-tumor immune 
response. Autologous vaccines involving interteukin-2 
(IL.-2)- or granulocyte-macrophage colony-stimulating 
factor (GM-CSF)-transduced whole tumor cells have 
shown promise in animal models. Clinical trials of 
these and other vaccine strategies are underway. In 
vivo gene therapies involving the replacement of 
mutant tumor-suppressor genes, antisense strategies, 
and the insertion of suicide genes are also being evalu- 
ated in prostate cancer (50). 

Another novel strategy is through suicide gene 
approaches in which a medication is given that is not 
toxic too the patient and cells. For example, at Baylor 
University, a replication-deficient adenovirus (ADV) 
containing the herpes simplex virus thymidine kinase 
gene (HSV-tk) was injected directly into the prostate, 
and followed by intravenous administration of the 
prodrug ganciclovir (GCV) (51). 

Growth factors are responsible for inducing tumor 
growth. To produce a tumor cell vaccine, one may 
remove the primary tumor and make a suspension that 
is kept in culture and transfected with various cytokine 
gencs (such as GM-CSF) and then irradiated and 
proliferated and re-injected into the host. A wide spec- 
trum of possibilities is available. Potential vehicles for 
gene therapy are: 


@ plasmid DNA vectors 
@ viral vectors (of which there are 2 types). 


With plasmid vectors, a piece of DNA is extracted to 
a plasmid. It is taken out of the cell and used for target 
DNA. The problem with plasmid DNA vectors is that 
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they are rapidly degraded. There is virtually no time to 
reach the tumor cells. They have very low efficacy 
therefore, DNA coating with lipids may be used to 
enhance their potential. 

Viral vectors may be more effective. However there 
are safety issues to be considered, and it is not known 
whether or not they can generate tumors themselves. 
Retroviral vectors: require diving cells, 8 Kb is the 
maximum sized genc that can be inserted. There is 
genomic integration (random), and therefore, they have 
the potential to become oncogenes, and are stable for 
long periods of time. Adenoviral vectors: do not 
require diving cells, 8 Kb is the maximum sized gene 
insert, genomic integration is not required. The poten- 
tial for oncogesis exists, and the length of time is tran- 
sient, 

At Johns Hopkins University, vaccination with irra- 
diated GM-CSF-secreting genc-transduced cancer vac- 
cines induced tumoricidal immune responses in a phase 
T human gene therapy trial in cight patients. GM-CSF- 
secreting, irradiated tumor vaccines were prepared 
from ex vivo retroviral transduction of surgically har- 
vested cells. Expansion of primary cultures of auto- 
logous vaccine cells was successful in 8 of 11 patients. 
The yield of the primary culture cell limited the number 
of courses of vaccination. These data showed that both 
T-cell and B-cell immune responses to human prostate 
cancer could be generated by treatment with irradiated, 
GM-CSF gene-transduced PCA vaccines (52). 

Genetic immunization may works indirectly via a 
bone marrow derived cell, probably a type of dendritic 
antigen presenting cell (APC). Direct targeting of 
genctic vaccines to these cells may provide an efficient 
method for stimulating cellular and humoral immune 
responses to infectious agents and tumor antigens. 
Initial studies have provided monocytic-derived den- 
dritic cell (DC) isolation and culture techniques, simple 
methods for delivering genes into thesc cells, and have 
also uncovered potential obstacles to effective cancer 
immunotherapy which may restrict the utility of this 
paradigm to a subset of patients (53). 

Administration of dendritic cells pulsed with 
prostate-specific membrane antigen (PSMA) induces 
cellular immune responses against tumor. In Seattle, a 
phase-IT trial involving infusions of autologous den- 
dritic cells (DC) and two human histocompatibility 
antigen (HLA-A2)-specific prostate-specific membrane 
antigen (PSMA) peptides, was completed. Some 30% 
of the patients, including those with hormone- 
refractory discase and patients with local recurrences, 
had partial responses according to NPCP criteria, alka- 
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line phosphatase, prostate markers, physical examina- 
tion, performance status, bone scan, ProstaScint scan, 
as well as other assays to monitor cellular and humoral 
immune responses (54-56). 

At Memorial Hospital, peptide and carbohydrate 
vaccines have been evaluated in relapsed prostate 
cancer (57). Monovalent carbohydrates and glycopro- 
tein-conjugated vaccines were studied, using the 
patients’ immune system to generate an anti-tumor 
response. These synthetic vaccines were conjugated to 
keyhole limpet hemocyanin (KLH) and given with the 
immunologic adjuvant QS21. All patients generated 
specific high-titer immunoglobulin M (IgM) and/or IgG 
antibodies, some of which were able to mediate com- 
plement lysis. 

In Philadelphia, investigators have tried to induce 
anti-tumor immunity by enriching the cytokine envi- 
ronment within the tumor by intra-prostatic injection 
of leukocyte interleukin, a mixture of natural cytokines 
that includes interleukin-1 (IL-1), IL-2, granulocyte- 
macrophage colony-stimulating factor (GM-CSF), 
interferon y (IFN-y), and tumor necrosis factor a 
(TNF-a) (58). The same investigators have also used 
OncoVax-P, a vaccine consisting of liposome-encapsu- 
lated recombinant PSA and lipid A, given as an emul- 
sion or with BCG/cyclophosphamide or GM-CSF with 
or without IL-2/ cyclophosphamide. Humoral and 
cellular immunity was enhanced (58). 

At the University of Michigan, a clinical study was 
undertaken to evaluate the safety and biologic effects 
of vaccinia-PSA (PROSTVAC) given to patients with 
recurrent prostate cancer, to assess the feasibility of 
interrupted androgen-deprivation in modulating 
expression of the vaccine target antigen, as well as 
detecting vaccine bioactivity in vivo. These authors 
reported that immune responses against PSA may be 
present among some patients with prostate cancer at 
baseline and may be induced in others through 
vaccinia-PSA immunization (59), 

No gene-therapy vector or method of administra- 
tion is ideal. There are many strategies and new tech- 
nologies under research. Which is the best method? It 
is not known whether adeno or retroviral vectors or 
liposomes, systemic, TA, topical, or intratumoral tech- 
niques are best. The long-term side-cffects, for 
example of retroviral vectors, which require incorpor- 
ation into the host genome for therapeutic effect, arc 
unknown. 

Unfortunately there is no known gene product that is 
uniformly associated with the occurrence of the malig- 
nancy. There is no ideal gene sequence that can be used 
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to treat all urologic tumors. There is no tumor-specific 
gene promoter sequence that limits the effects to the 
cancer cells targeted. Several genc-therapy trials arc 
ongoing. Most trials are still in the initial phase of 
research, This approach is highly interesting, and must 
be pursucd. It will ultimately provide us with some 
important answers. However, some time is needed. 


Conclusions 


After failure of initial hormonal therapy, various treat- 
ment options are available that provide objective remis- 
sions and palliation of symptoms. Hormone refractory 
prostate cancer remains a challenge, but may not be as 
resistant as previously believed. A trial of anti- 
androgen withdrawal should be offered to patients 
progressing on CAB. An increased understanding of the 
biology of the disease will undoubtedly direct future 
therapeutic strategies. 
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Introduction 


Genc therapy for cancer can be defined as the transfer 
to, and expression of, genetic material in malignant 
human cells for a therapeutic purpose (1). However, 
this narrow definition can be enlarged to encompass 
gene delivery to normal immune cells for the purpose 
of immunomodulatory gene therapy. In the last decade, 
which has seen rapid progress in our understanding of 
the molecular basis of cancer, this treatment approach 
has moved from the status of theoretical possibility to 
the reality of preliminary phase VI clinical trials, albeit 
with little evidence, as yet, of therapeutic effect. A large 
number of trials are currently in progress or planned 
and the next decade will probably bring considerable 
clarification of the potential value of gene therapy in 
the treatment of cancer. 

Prostate cancer represents an attractive target for 
‘gene therapy since there are limited treatment options 
available to the clinician. For localized prostate cancer, 
radical surgery or radiotherapy (with or without the 
use of neoadjuvant androgen deprivation) represent the 
only effective curative therapies. However, a significant 
number of patients treated for apparently localized 
disease will later present with disseminated metastatic 
disease. Adjuvant therapy with cytotoxic chemotherapy 
has not been shown to reduce the frequency of this 
event. For those patients who present with metastatic 
disease, the prognosis is bleak despite initial responses 
to hormonal manipulation in the form of androgen 
deprivation. Disseminated prostate cancer is essentially 
resistant to systemic chemotherapy. 
Radiotherapy (external beam and radioisotopic) can 
achieve nothing more than palliation. Therefore, if a 
significant impact is to be made on the outcome of 
prostate cancer, novel therapies are required to act in 
the adjuvant setting and to effect responses in paticnts 
with metastatic disease. 


cytotoxic 


The term genc therapy encompasses a broad range of 
therapeutic approaches and can usefully be subdivided 
into the following categories: 


(1) corrective gene therapy in which the aim is to 
restore to normal the function of a deleted or 
mutated gene (usually a tumor-suppressor genc); 


(2) cytoreductive gene therapy in which delivery of 
an exogenous gene results in cell death either 
through metabolism of a prodrug to a cytotoxic 
agent (suicide), or by means of an alternative 
cytotoxic mechanism; 


(3) ablative gene therapy in which the aim is to negate 
the effect of a tumor-promoting gene (oncogene); 


(4) immunomodulatory gene therapy in which induc- 
tion of gene expression in a targeted tissue renders 
it susceptible to clearance by the immune system. 


Each of these different approaches may have relevance 
to the treatment of prostate cancer and will be 
reviewed in detail below. 


Vectors for gene therapy 


The identification and elaboration of sophisticated selec- 
tive gene-therapy systems will amount to nothing unless 
genes can be delivered to tumors in sufficient quantities 
to target a significant fraction of the clonogenic cells. It 
is in this arena that the success or failure of gene therapy 
will be decided and, for this reason, the development of 
vectors for the delivery of therapeutic genes represents 
an extremely active field of investigation (2, 3). Thus 
far, most work has focused on locoregional gene 
delivery by means of direct injection or infusion. Whilst 
this technique is useful for the assessment of candidate 
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therapeutic systems, it has limited relevance to clinical 
situations, such as disseminated metastatic disease, in 
which a systemic delivery system will be required. 
Immunomodulatory gene therapy is an exception to this 
rule in that the purpose of treatment is to use loco- 
regional gene delivery to prime a systemic immune 
response, which will be capable of dealing with both 
local and distant metastatic cancer (4). Vectors for gene 
therapy can be considered under the broad headings of 
non-viral and viral systems. 


Non-viral vectors 
Naked DNA 


Physical injection of DNA, in the form of an expression 
plasmid, into the target-cell population represents the 
simplest and most direct form of gene-delivery system. 
In this situation, the therapeutic gene is delivered as 
part of a circular piece of DNA (plasmid or naked 
DNA), which also contains promoter/enhancer elements 
to drive transcription (Fig. 24.1). These promoters can 
be selected to be permanently (constitutively) active 
(c.g. cytomegalovirus immediate/early CMV VE or Rous 
sarcoma virus RSV promoters) or can come under the 
control of tissue-specific promoters (c.g. prostate- 
specific antigen or probasin promoter in the case of 
prostate cancer), which may add a level of selectivity to 
gene expression. This approach relies on plasmid DNA 
uptake into the cell by undefined mechanisms. This 


(a) 
Enhancer/Promoter 


Enhancer/Promoter 


Fig. 24.1 Diagrammatic representation of expression of ther- 
apeutic transgenes from plasmids. (a) an enhancer/promoter 
element drives expression of a single transgene. The promoter 
can be a non-specific viral promoter (RSV or CMV promoter) 
or can he a tissue specific promoter (PSA or probasin pro- 
motcr); (b) a single promoter drives expression of two sepa- 
rate genes which are linked by an IRES internal ribosome 
entry site) sequence in a so-called bi-cistronic vector. 
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process can be enhanced in vivo by permeabilization of 
the target-cell membrane by exposing it to an electric 
field (electroporation) (5). Once plasmid DNA has been 
taken into a cell, it must be translocated to the nucleus 
before the genes it encodes can be expressed, either 
transiently from an extra-chromosomal episomal loca- 
tion or in a sustained fashion if integration into the host 
genome occurs. This process of gene transfer into cells 
is known as transfection or transduction. 

There have been no published studies to date of 
direct intraprostatic injection of naked DNA, although 
it has been shown to be feasible in other tumor types 
(6). Intratumoral naked DNA delivery has been shown 
to result in rapid clearance from the tumor (7). This 
process can be delayed by encapsulating the DNA in 
liposomes (see below) but these complexes do not 
diffuse far from the injection site and are unlikely to 
transduce a significant number of cells. At present, for 
reasons which remain obscure, skeletal muscle is the 
tissue most efficiently transduced by injection of naked 
DNA. Therefore, for the foreseeable future, this 
approach is likely to be of use only in situations in 
which synthesis and release of a protein into the circu- 
lation will be of therapeutic benefit (e.g. hemophilia) 
(8). Another potential use of this technique might be as 
a means of delivering (prostate)-specific antigens as 
part of vaccination strategies (sce below). 


DNA-coated gold particles 


The efficiency of transduction of tumor cells in vivo 
can be increased by administering the DNA in a form 
in which it is adsorbed onto gold particles and injected 
using a ‘gene gun’ (9). The precise mechanism by which 
this procedure improves DNA delivery to cells is 
unknown. Responses have been seen in animal tumor 
models following intratumoral gene-gun delivery of 
therapeutic cytokine genes (10). There have been no 
reports of gene-gun delivery of therapeutic genes to the 
prostate, either in animal models or in patients. The 
case of access of this organ to direct injection and the 
wealth of clinical experience with intraprostatic deliv- 
ery of brachytherapy implants (11) suggests that this 
route may be worthy of exploration in the future. 


Cationic liposomes 


Liposomes are vesicles composed of phospholipid bilayer 
membranes (12), which are capable of enclosing a wide 
range of substances including DNA. Preparations of 
lipids and DNA are capable of forming complexes 
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(lipoplexes) (13), which can deliver DNA in to cells and 
lead to gene expression both in vitro and in vivo (14-16). 
Lipid-mediated gene delivery has the following potential 
advantages over viral systems (see below): 


(1) the ability to transfect a variety of different cells 
without the need for interaction with specific 
receptors; 


(2) minimal immunogenicity of the lipid components, 
which facilitates multiple administrations; 


(3) high-capacity vectors with the ability to deliver 
large DNA sequences; 


(4) ease of production. 


However, they are not without their potential draw- 
backs, which can be considered to be as follows: 


(1) relatively low efficiency of transfection; 
(2) they mediate only transient expression of DNA; 


(3) release of plasmid DNA from the lipoplex can 
mediate inflammatory and/or immune reactions; 


(4) the lipid components used to complex the DNA 
may have distinct toxicity profiles against normal 
tissues (17). 


A wide variety of lipid formulations have been 
described, with varying abilities to deliver DNA to cells. 
Although these agents are effective in vitro in a number 
of cell lines, including prostate cancer (18), major prob- 
lems have been encountered when they are administered 
in vivo. Standard liposomal preparations suffer from 
the fact that they are cleared from the circulation very 
rapidly after intravenous injection, mainly by the lungs, 
reticuloendothelial system (liver and spleen), and the 
heart. As a result, their use has been largely restricted to 
intralesional injection. The insertion of polyethylene 
glycol (PEG). derivatives in to the lipid membrane (pegy- 
lation) has been shown to increase the circulation half- 
life of liposomes after intravenous administration and, 
hence, their ability to localize to tumors (19, 20). 
Unfortunately, pegylated liposomes are poorly fuso- 
genic by virtue of their coating of PEG, which 
significantly reduces their ability to deliver DNA (21). 
The pharmacokinetics, biodistribution, and fusogenicity 
of liposomes can be varied by altering the composition 
of the lipid membrane. In particular, incorporation of 
certain cationic lipids (e.g. DMRIE, DOSPA, and 
DOTADP), along with neutral or helper co-lipids (choles- 
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terol or DOPE) in liposomes has been shown to increase 
markedly their ability to fuse with cell membranes and 
deliver their contents in to cells. Phase T/1 trials have 
confirmed the ability of these agents to transfect human 
tumors in vivo (22, 23). Further development of both 
conventional and pegylated liposomes is likely to yield 
improved therapeutic vectors in the future. 


Polymer-DNA complexes 


A number of non-lipid polymers have the ability to 
form complexes with DNA (polyplexes). These poly- 
plexcs have also been shown to deliver DNA in to cells. 
Examples include polycationic compounds such as 
poly-L-lysine, polyethylenimine, polyglucosamines, and 
peptoids (24-27). Goldman et al, (1997) (26) have 
shown that polyglucosamine polymer-based delivery of 
genes into intracranial tumors can yield levels of gene 
expression comparable with viral systems. This arena 
of vector development is a rapidly expanding field of 
study and in the next few years may yield a number of 
new products with attractive pharmacokinetics and 
biodistribution profiles. 


Viral vectors 


Viruses are an extremely attractive vehicle for the deli- 
very of therapeutic genes, since they have evolved 
specific and efficient means of gaining entry to human 
cells and securing expression of their genes. The chal- 
lenge in the field of viral vector development lies in har- 
nessing the efficiency of viruses while, at the same time, 
abrogating their ability to cause infection and disease in 
the patient. In addition, the activities of the immune 
system of the host lead to generation of specific immune 
response (ccll-mediated and humoral) against viral 
vectors, which preclude repeated dosing with the same 
vector. The most commonly used means of achieving 
these objectives has been by modification of the viral 
genome to remove sequences required for viral replica- 
tion and pathogenicity. This leaves space in the viral 
genome, which may be replaced with exogenous thera- 
peutic genes. Such genetically enginecred viral vectors 
will theoretically retain the wild-type viral cellular 
tropism and ensure expression of the transgene in the 
desired population of cells without being propagated as 
an ongoing infection. In an attempt to improve on the 
natural tropisms of viruscs, studies are under way to 
manipulate the viral components that mediate cell- 
binding and internalization as a means of directing 
viruses specifically to chosen target cells (28, 29). 
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Thus far, the development of viral vectors has 
focused on the use of three classes of viruses: retro- 
viruses (RV), adenoviruses (AV), and adeno-associated 
viruses (AAV). Other viruses are also being investi- 
gated, including vaccinia (30), reovirus (31), herpes 
virus (32, 33), canarypox (ALVAC) virus (34), and 
Newcastle disease virus (35, 36). However, a detailed 
discussion of all of the viruses that are currently under 
active development is beyond the scope of this review, 
which will be restricted to RV, AV, and AAV. 


Retroviral vectors 


RV are single-stranded diploid RNA viruses the basic 
structure of which is illustrated in Fig. 24.2. The group 
of viruses that has been most intensely investigated is 
the C-type RV, based on the Moloney murine leukemia 


(a) 


327 


virus (MoMLV). They gain entry to certain cells 
through binding of surface envelope proteins (encoded 
by the env genes) to specific cellular receptors. Upon 
entry to the cell, the viral enzyme reverse transcriptase 
(encoded by the pol gene) transcribes the viral genome 
into a double-stranded DNA copy. This DNA sequence 
can enter the nucleus of dividing cells (because the 
nuclear membrane has broken down) and can be ran- 
domly integrated into the genome of the host by the 
viral integrase enzyme. It is this step that accounts for a 
significant advantage of RV vectors, namely that of 
stable integration and expression of genes carried in the 
viral particle. In the case of wild-type RV, gene expres- 
sion results in viral replication, assembly, and packag- 
ing with subsequent propagation of the viral infection. 
Clearly, if RV-targeted gene therapy were associated 
with an ongoing RV infection, this would have serious 
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Fig. 24.2 Structure of a typical retrovirus (RV). (a) vical morphology: RV arc double-stranded RNA viruses that have a lipid 
bilayer membrane surrounding the viral core. (b) Viral genome: the viral genome consists of a packaging sequence (Y) and three 


genes (gag, pol, and env). 
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consequences for the safety of this approach, 
Therefore, the RV used for gene therapy protocols have 
been manipulated to render them replication deficient. 
This is achieved by producing RV from so-called pack- 
aging cell lines, which have been engineered stably to 
express the RV gag, pol, and env genes from plasmids 
lacking the packaging sequence (v). Delivery of the 
therapeutic gene in a construct containing the RV long 
terminal repcats (LTR) and v into such a packaging cell 
line, permits assembly, packaging, and release of infec- 
tious but non-replicative RV, which can be harvested 
from the supernatant. In recent years it has been appre- 
ciated that RV have a number of potential disadvan- 
tages comparcd with their rivals. Their production 
from RV packaging cell-lines yields relatively low titres 
(107 infectious units/ml), which may seriously restrict 
the ability to scale-up production for clinical trials. The 
RV genome is relatively small, which places constraints 
on the size of the genetic construct that they can effec- 
tively carry. Since the process of integration into the 
host genome is random, it has the ability to disrupt the 
function of cellular genes (insertional mutagenesis). In 
addition, their life-cycle requires entry of the viral 
genome into the nucleus of the host cell, which can 
only occur in actively dividing cells because RV core 
particles lack a nuclear localization signal (NLS). 

These perceived problems with the use of C-type RV 
vectors have resulted in a significant shift towards the 
development of AV and AAV vectors (see below). 
However, the lentiviruses (a subtype of RV) may repre- 
sent a potentially valuable alternative. Lentiviruses, 
such as human, simian, and feline immunodeficiency 
viruses (HIV, SIV, and FIV, respectively), have the 
ability to infect non-dividing cells (37) and integrate in 
the same way as other RV. Clearly, the development of 
lentiviral vectors will need special emphasis on the 
safety aspects of the viral constructs, in view of the 
serious nature of the clinical syndromes caused by these 
agents. However, irrespective of these considerations, 
further development of these agents could prove to be 
useful. 


Adenoviral vectors 


AV arc double-stranded DNA viruses composed of 
non-envcloped icosahedral proteins capsids enclosing 
an inner core made up of DNA and protein cores (38) 
(Fig. 24.3). The outer viral capsid is formed by a 
mosaic of 240 hexones and 12 pentone bases at the 
vertices of the icosahedron. Antenna-like fibers, which 
terminate in a knob protein, protrude from each 
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Fig. 24.3 Structure of a typical adenovirus (AV). (a) Viral 
morphology: AV are double-stranded DNA viruses composed 
of non-enveloped icosahedral proteins capsids (hexones and 
pentones), which bind to the CAR receptor through the knob 
domain of the fiber. (b) Viral genome: the AV genes are 
divided into early (E) and late (L) genes. 


pentone base. These knob proteins are responsible for 
the binding of the virus to its receptor. Most aden- 
oviruses bind to the coxsackie and adenovirus receptor 
(CAR), a cellular membrane protein with no presently 
known function. Binding of the virus to the CAR 
receptor facilitates interaction of viral arginine-glycine- 
aspartate (RGD) sequences with cellular integrins of 
the a8; and a,ß; type and subsequent internalization 
within clathrin-coated pits. The virus evades degrada- 
tion within cellular endosomes and, once in the cyto- 
plasm, it disassembles and is translocated to the 
nucleus under the influence of NLS within the capsid 
proteins. Upon entry to the nucleus, expression of the 
viral genes can begin. Clearly, the administration of 
replicating adenoviruses to patients with malignant 
disease, and its associated immune suppression, raises a 
number of important safety concerns. For this reason, 
strenuous efforts have been made to render AV safe by 
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rendering them incapable of division (so-called replica- 
tion-defective AV). This was initially achieved by dele- 
tion of the E1 gene, which has an important role in 
regulating the transcription of the viral genome. A 
further level of control was added by generating repli- 
cation-defective AV with selective deletion of the E3 
gene, which, amongst other functions, is responsible 
for the ability of virally infected cells to evade immune 
destruction. In addition, later generations of AV 
vectors, in which the E2 and E4 genes have been 
disrupted, have been described. More recently, these 
processes have been extended to remove the whole 
coding sequence of the AV genome — so-called minimal 
sequence or ‘gutless’ AV (39). Such viruses, which have 
residual ITR sequence and the packaging signal, have 
enormous potential to package therapeutic genes but 
need to be grown in producer cell-lines in the presence 
of helper viruses, which are unable to package them- 
selves but which can supply all the necessary viral gene 
functions to facilitate packaging of infectious, replica- 
tion-incompetent AV containing the therapeutic 
transgene. 

In excess of 40 adenoviral scrotypes have been 
identificd and thesc have been subdivided into six 
groups (Groups A to F). Viruses from Group C 
(serotypes 2 and 5, Ad2, and Ad5) have been most 
extensively evaluated as candidates for gene delivery 
(38). However, since adenoviral infections are 
extremely common in the gencral population, as many 
as 70% of the population will have circulating neutral- 
izing antibodies to Ad2 and Ad5. Such pre-existing 
antibodies are likely to accelerate clearance of these 
viruses at the time of first administration and the 
immunogenicity of these serotypes will tend to preclude 
repeated dosing, even in patients who have previously 
not been exposcd. In the context of prostate cancer, Lu 
et al. (1999) (40) reported the effect of route of admin- 
istration of an adenovirus expressing the Escherischia 
coli lacZ (B-galactosidase) gene on the site and extent 
of gene expression. This gene acts as a so-called 
reporter gene in that, in areas where it ts expressed, 
addition of a specific substrate yields a blue colour. 
Not surprisingly, higher levels of expression were seen 
after intraprostatic rather than intravenous or intra- 
arterial injection. 

Replication-defective AV have a number of potential 
advantages as vectors for targeted gene delivery. In 
contrast to RV, AV are capable of infecting non- 
dividing cells since their DNA is able to cross the intact 
nuclear membrane under the direction of viral NLS. 
They can be produced in high titers (10'°-10"' infec- 
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tious units/ml) from available producer cell-lines. Their 
life-cycle does not require integration of their DNA 
into the host genome, which circumvents the risk of 
mutagenesis. In addition, the recent 
development of gutless AV has opened the door to the 
development of vectors with vastly expanded capacity 
for therapeutic transgenes. 

In recent years, there has been a move towards the 
investigation of replication-competent AV (RCAV) for 
gene therapy of cancer. In view of the obvious concerns 
about the safety of RCAV, these agents have been engi- 
neered to have additional levels of control to reduce the 
potential risk associated with their use in patients. The 
best known example of a RCAV is the E1B-deleted 
ONYX-015 (d11520) virus (41). Since the viral E1B 
gene product is responsible for binding and inactivat- 
ing cellular p53, E1B-deleted viruses are unable ro 
replicate in normal p53 wild-type cells. In contrast, the 
virus replicates very effectively in p53-deficient cells 
(such as tumor cells). This agent has entered phase VII 
studies in head and neck, colorectal, pancreatic, and 
ovarian cancers (42) but has not yet been used in 
prostate cancer. In addition, two so-called ‘prostate- 
specific’ RCAV have been developed (43-45). 
Rodriguez et al. (1997) (43) have developed an attenu- 
ated virus (CN706) in which the expression of the E1A 
gene is under tight transcriptional control by the 
prostate-spccific antigen (PSA) promoter (see below). 
As a consequence, E1A is expressed in PSA-positive cell 
lines at significantly higher levels than in PSA-negative 
prostate and non-prostate cell-lines, permitting efficient 
viral replication and cytotoxicity only in PSA-express- 
ing cells. Tumor responses were scen after in vivo intra- 
tumoral administration of this agent in a prostate 
cancer cell linc. In a similar approach, Yu et al. (1999) 
(44) have constructed a RCAV in which the E1A and 
E1B genes arc under the transcriptional control of two 
separate prostate tissue specific promoters. Further 
studies have shown that by adding the E3 region of 
Ad5, the resulting virus (CV787) replicates 100 000 
times more effectively in PSA-positive as compared 
with PSA-negative cells. Significantly, single intra- 
venous injections of CV787 were capable of eradicat- 
ing subcutancous deposits of LNCaP tumors in nude 
mice (45). 


insertional 


Adeno-associated viral vectors 


AAV are single-stranded DNA viruses composed of 
non-enveloped icosahedral proteins capsids. They 
belong to the parvovirus group and are native human 
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viruses, which are not known to cause any disease (46). 
They may, in fact, suppress the development of tumors 
induced by other viruses (47). They require co-infection 
with another virus (a so-called ‘helper virus’) in order 
to replicate. The helper virus can be an AV or a herpes 
virus. In the absence of a helper virus, AAV infection of 
a cell leads to latency in which the viral genome per- 
sists either in an integrated from (see below) or as epi- 
somat DNA. Subsequent infection of the cell with a 
virus capable of providing the necessary helper func- 
tions allows replication to proceed. 

AAV vectors have a number of potential advantages 
over RV and AV vectors. They are capable of infecting 
non-dividing cells and are stably integrated/maintained 
in the host genome, although this issue is of lesser 
importance in cancer gene therapy where transient 
expression of cytotoxic genes will be adequate. An 
additional benefit is that, in contrast to RV, the process 
of integration occurs preferentially at a site-dependent 
locus in chromosome 19. This characteristic of AAV 
reduces the risk of insertional mutagenesis. However, 
in AAV vectors this characteristic integration is largely 
lost due to deletion of rep proteins (in an attempt to 
reduce the risk of the emergence of replication compe- 
tent AAV). AAV have a number of potential draw- 
backs as vectors for gene therapy. They have limited 
packaging capacity (approximately 5 kbp) and gene 
expression may be slow to reach its peak. Production 
requires the use of helper viruses, which means that 
preparations for pre-clinical and clinical use may be 
contaminated with these entities. 


Strategies for gene therapy of 
prostate cancer 


The pathogenesis of prostate cancer is a multi-step 
process-involving the sequential accumulation of a 
number of genetic defects. A diagrammatic (and by no 
means comprehensive) representation of this process is 
shown in Fig. 24.4. It is likely that further study will 
elucidate other genes involved in the development and 
progression of prostate cancer. Each of these abnor- 
malitics (both loss- and gain-of-function mutations) 
may be seen as potential targets for gene therapy 
approaches (48). 

In addition to this panoply of possible targets, the 
fact that a number of genes are expressed in prostatic 
tissuc in a tissue-specific fashion means that prostatic 
cancer may be very useful model system for the 
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Fig. 24.4 Representation of the possible sequence of genetic 
changes involved in the pathogenesis of prostate cancer 
(adapted from Hrouda and Dalgleish 1999). 


development of gene-therapy approaches (49-53). 
Genes such as PSA, probasin, and relaxin H2 are 
expressed almost exclusively in prostatic tissue and 
each of these genes is under tight control by a tissue- 
specific promoter (TSP). Therefore, the expression of 
therapeutic genes under the control of prostate TSP 
offers the prospect of selectively increasing anti-tumor 
efficacy and reducing normal tissue toxicity, Steiner et 
al. (1999) (54) have demonstrated the potential of TSP- 
driven gene therapy in a canine model. Dogs received 
intraprostatic injections of adenoviral vectors express- 
ing the lacZ reporter gene under the control of one of 
three TSP (PSA, probasin, or murine mammary tumor 
virus promoters) or the non-specific RSV promoter. 
The highest levels of expression were seen with the 
RSV promoter but all three TSP directed prostate- 
specific expression of lacZ, despite the fact that the 
viral genome was detected in other tissues. 


Corrective gene therapy 


A number of tumor-suppressor genes (TSG) have been 
implicated in the etiology and pathogenesis of prostatic 
cancer (Fig. 24.4). Therefore, restitution of normal 
TSG function has been seen as a legitimate target for in 
vivo corrective genc therapy aimed at a variety of dif- 
ferent molecular targets, including p53, Rb, cell-cycle 
control genes (p16 and p21), and certain cell-adhesion 
molecules (CAM). Although preliminary studies have 
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confirmed that delivery of TSG can have an impact on 
the malignant phenotype, both in vitro and in vivo, the 
central weakness in this strategy lies in the fact that 
TSG-directed gene therapy must be delivered to every 
cell in order for it to eradicate a tumor. However, it is 
much more feasible to imagine strategies in which TSG 
will be given as part of a multi-modality approach, for 
instance in combination with cytotoxic chemotherapy 
or radiotherapy. 


ps3 


p53 contributes to a bewildering array of control 
processes within human cells, the central theme of 
which is to protect the integrity of the genome against 
genotoxic stress (55). This function has earned p53 the 
title of ‘guardian of the genome’ (56). Normal wild- 
type p53 protein is largely responsible for the G1/S cell- 
cycle arrest that is observed in response to DNA 
damage. This delay allows time for the cell to attempt 
to repair the DNA before entry to the DNA synthetic S 
phase of the cell-cycle or, if the damage excceds the 
repair capacity of the cell, p53 acts to push the cell in 
to the apoptotic pathway (57). Mutations of the p53 
gene can lead to expression of a non-functioning 
protein incapable of triggering these processes. 
Consequently, the cell can proceed through the cell- 
cycle in the presence of unrepaired DNA damage, 
which, if the abnormality is not lethal, will be passed 
on to the progeny of cell division. There have been 
reports that p53 mutations in prostate cancers are rela- 
tively uncommon at a frequency of only 3% of primary 
tumors (58), although they are scen with greatly 
increased frequency in prostate cancer cell lines in vitro 
(59) and in patients with metastatic disease (60, 61). 
More recently, however, conflicting data have demon- 
strated p53 mutations in 79% of cases (62). 

A number of studics have been performed in an 
attempt to rectify aberrant p53 expression in vitro and 
in vivo, The vast majority of these studies have focused 
on the use of adenoviral vectors to deliver a wild-type 
p53 transgene (Ad-p53). In vitro suppression of 
growth and induction of apoptosis in both androgen- 
dependent and independent prostate cancer cell lines 
(Tsu-pri, C4-2, DU145, and PC-3) has been reported 
following delivery of Ad-p53 (63-65). Such cell lines 
have also been shown to be less tumorigenic in vivo. 
These observations have also been extended to primary 
cultures of radical prostatectomy samples with evi- 
dence of significant efficacy of Ad-p53 in comparison 
to control virus (66). Inhibition of the growth of subcu- 
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taneous xenograft and syngeneic tumors in nude and 
immunocompetent mice has also been demonstrated 
after intratumor injection of Ad-p53 (63, 65, 66). In 
addition to the above studies, adenovirus-mediated 
restitution of wild-type p53 function has been shown 
to sensitise prostate cancer cell lines to the effects of 
genotoxic chemotherapy (paclitaxel, cisplatin, doxoru- 
bicin, S-fluorouracil, methotrexate, and etoposide) 
both in vitro and in vivo (67, 68). 


Rb 


The retinoblastoma (Rb) gene product acts to regulate 
transition of cells across the G1/S boundary of the cell- 
cycle. Loss of normal Rb function removes this cell- 
cycle checkpoint and serves to confer on cells a growth 
advantage. Rb mutations are relatively common in 
primary and metastatic prostate cancers (69, 70). As 
yet, there have been no published reports of the use of 
Rb gene therapy in prostate cancer cells lines either in 
vitro or in vivo. However, there have been a number of 
reports that delivery of wild-type Rb to lung, bladder, 
pituitary, and neuroendocrine tumors yiclds tumor 
responses in animal models (71-73). 


p21 


p21 (waf1/cip1}) protein is a cyclin-dependent kinase 
inhibitor able to arrest the cell cycle at the G1 phase by 
inhibiting DNA replication. Its abnormal expression in 
prostate cancer has been shown to be associated with 
poor prognosis (74). Eastham et al. (1995) (63) have 
reported the effect of transducing prostate cancer cells 
with adenoviral vectors carrying a p21 transgene both 
in vitro and in vivo. Treatment with Ad-p21 was asso- 
ciated with significant growth delay in vitro and in 
vivo. In fact, in these studies the activity of Ad-p21 
exceeded that of Ad-p53. 


CAM 


Restoration of normal CAM expression represents a 
potentially valuable target for gene therapy of prostate 
cancer. These molecules act as more than simple 
anchors to hold cells steady in their environment but, 
rather, are capable of mediating cell-matrix and 
cell-cell signaling (75). CAM are frequently mutated in 
prostate cancers and such abnormalities are associated 
with disease progression (75, 76). Reduced cell-matrix 
adhesion allows neoplastic cells to ignore the signals 
from the normal extracellular environment, which 
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promote differentiation, while loss of normal cell-cell 
adhesion allows malignant cells to escape from their 
site of origin, degrade the extracellular matrix, acquire 
a more motile and invasive phenotype, and, finally, to 
invade and metastasise. The androgen-regulated cell 
adhesion molecule (C-CAM1), a member of the 
immunoglobulin superfamily, has been shown to func- 
tion as a tumor suppressor in prostate cancer (77). It 
has been reported that adenoviral vectors encoding C- 
CAM1 were able to reduce tumor growth in vivo. In 
further studies, Lin et al. (1999) (78) demonstrated that 
this effect was significantly increased by the use of mul- 
tiple injections in PC-3 tumors and that most tumors 
underwent complete regression. The same. group has 
reported that the human homolog of C-CAM1 
(CD66a) is able to reduce the tumorigenicity of the 
human cell-line DU145. Furthermore, intratumoral 
injection of CD66a into established DU145 tumors 
significantly retarded their growth (79). Other studics 
have shown that transduction of prostate cancer cells 
with wild-type E-cadherin (an important CAM) reduces 
their invasive potential and decreases their expression 
of matrix metalloproteinase 2, an important marker 
associated with invasive and metastatic potential (80). 


Other TSG 


The promyelocytic leukaemia gene (PML) is another 
putative TSG for prostate cancer (81). PML appears to 
exert its growth suppressing effects by modulating 
several key cell-cycle regulatory proteins, including 
p53, p21, cyclins, and cyclin-dependent kinascs (82). 
These authors have reported that adenoviral-mediated 
delivery of PML (Ad-PML) reduced in vitro growth 
and in vivo tumorigenicity of prostate cancer cell-lines. 
Furthermore, direct intratumoral injection of Ad-PML 
significantly slowed the growth of established DU145 
tumors in mice. Matsubara et al. (1998) (83) have 
reported that transient transfection of malignant 
prostate cell-lines with the wild-type fibroblast growth 
factor (FGF) receptor 2IIb gene restores their response 
to FGF-7 and reduces their tumorigenicity. 


Cytoreductive gene therapy 


A number of strategies fall under this umbrella term, 
including gene-directed enzyme prodrug therapy 
(GDEPT), which is otherwise known as ‘suicide’ gene 
therapy. In the case of such systems, the aim is to avoid 
the systemic toxicity and lack of tumor specificity of 
existing cytotoxic agents by ensuring that they are 
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formed in high concentrations only at the tumor site. 
Essentially, the ideal elements of a GDEPT system are 
as follows: 


(1) a gene that is not expressed in human cells and 
encodes an active enzyme that catalyses the con- 
version of a prodrug to an active cytotoxic agent; 


(2) a means of restricting the expression of the gene 
to tumor tissue; 


(3) an enzyme that elicits a minimal host immune- 
response (although in the context of 
immunomodulatory genc therapy an immune 
response might be beneficial); 


(4) a prodrug with little or no inherent cytotoxicity 
and well-established pharmacokinetics; 


(5) an active drug that kills cycling and non-cycling 
cells; 


(6) an active agent that is capable of diffusing to 
adjacent tumor cells to mediate a bystander effect 
(Fig. 24.5). 


A number of candidate suicide genes have been pro- 
posed and are in various stages of pre-clinical and clin- 
ical development (see Table 24.1) (84, 85). 

The two most widely studied examples of GDEPT 
are: 


(1) the herpes simplex virus thymidine kinase 
(HSVek) and ganciclovir (GCV) system in which 
the viral enzyme thymidine kinase directs the con- 
version of the nucleoside analog prodrug GCV 
into its toxic phosphorylated metabolite; and 


(2) the Escherischia coli bacterial cytosine deaminase 
(CD) and 5-fluorocytosine (5-FC) system in which 
the antifungal agent 5-FC is converted to the 
pyrimidine analog 5-fluorouracil. 
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Fig. 24.5 Components of a typical GDEPT system. Delivery 
of a vector containing a transgene for an exogenous enzyme 
followed by delivery of an innocuous prodrug results in local 
generation of a toxic agent, which is capable of killing both 
the cell in which it was formed and adjacent bystander cells. 


Table 24.1 Examples of GDEPT systems that are currently the subject of pre-clinical and clinical investigation (modified 


from Connors 1995) 
Enzyme 


HSVtk 
Cytosine deaminase 
DT diaphorase 


Nitroreductase 


Azorcductase 
Glucose oxidase 
Xanthine oxidase 
Plasmin 


a-Galactosidase 


B-Glucosidase 
B-Lactamase 


Carboxypeptidase Al 
Carboxypeptidase G2 
Alkaline phosphatase 
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Prodrug 


Ganciclovir 
5-Fluorocytosine 
CB 1954 


CB 1954 


Azobenzene mustards 

Glucose 

Hypoxanthine 

Peptidyl-p-phenylenediamince- 

mustard 

N-[4-(a-D-galactopyranosy]) 

benzyloxycarbonyl]-daunorubicin 

Amygdalin 

Vinca-cephalosporin 

Phenylenediamine mustard- 
cephalosporin 

Nitrogen mustard-cephalosporin 

Methotrexatc-a-peptides 

Benzoic acid mustard glutamates 

Doxorubicin phosphate 

Mitomycin phosphate 


Active drug 


Ganciclovir triphosphate 
5-Fluorouracil 
5-(Aziridin-1-yl)-4-hydroxylamino- 
2-nitrobenzamide 
5-(Aziridin-1-yl)-4-hydroxylamino- 
2-nitrobenzamide 
Phenylenediamine-mustards 
Hydrogen pcroxide 

Superoxide, hydrogen peroxide 
Phenylenediamine-mustard 


Daunorubicin 


Cyanide 
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4-Desacetylvinblastine-3-carboxyhydrazide 


Phenylenediamine-mustard 


Nitrogen mustard 
Methorrexate 

Benzoic acid mustards 
Doxorubicin 
Mitomycin 


Eroposide phosphate 
Cytochrome P-450 (CYP2B6) 


Cyclophosphamide, Ifosfamide 


Eroposide 
Phosphoramide mustard 


In the context of prosate cancer, the HSVtk/GCV 
system has been most extensively evaluated. The activ- 
ity of adenoviral vectors delivering HSVtk (Ad-HSVtk) 
followed by GCV treatment has been confirmed in 
vitro (52, 86) and in vivo in murine models of subcuta- 
neous xenograft (52, 86, 87) and orthotopic (88) 
tumors. Another potential advantage of the HSV/tk is 
that it has the potential to sensitize cells incorporating 
phosphorylated GCV derivatives to the effects of ioniz- 
ing radiation (89-91). Atkinson and Hall (1999) (89) 
have reported in vitro evidence that Ad-HSVtk and 
GCV can enhance the effect of single-fraction doses of 
radiotherapy in what might be either an additive or 
synergistic fashion. Similarly, Ad-HSVtk has been 
shown to co-operate with castration-induced androgen 
withdrawal in mouse models of subcutaneous and 
orthotopic prostate cancer (92). In contrast, there have 
been few studies evaluating the effects of the CD/SFC 
system in prostate cancer, perhaps due to the knowl- 
edge that conventional cytotoxic agents have little 
activity against this rumor. Blackburn et al. (1999) (90) 
have recently reported that adenoviral delivery of a 
fusion gene encoding CD and HSVrk significantly 
increased the killing of PC-3 cells in vitro on exposure 
to the respective prodrugs. In addition, as discussed 


above, this system was also shown to yield an increased 
response to ionizing radiation. 

HSVtk is generally considered to be the gold- 
standard against which other GDEPT systems are com- 
pared. Lockett et al. (1997) (93) have described a 
system based on the purine nucleoside phosphorylase 
(PNP) and 9-(8-M-2-deoxyerythropento-furanosyl) 6- 
methylpurine (6MPDR) prodrug. HSVtk/GCV and 
PNP/6MPDR were compared directly in prostate 
cancer cell lines i vitro using identical adenoviral 
vectors. In vitro, the PNP/6GMPDR system demon- 
strated a clear 5—10-fold greater activity but this differ- 
ence was not apparent in subsequent in vivo studies in 
mice bearing PC-3 xenograft tumors (87). 

There has been one report of a clinical study using 
GDEPT in patients with prostate cancer (94). They con- 
ducted a phase-! evaluation, in which 18 patients with 
locally recurrent prostate cancer received intraprostatic 
injections of Ad-HSVtk at doses between 108 and 10!" 
infectious units followed by systemic GCV. There was 
minimal (grade 1-2) toxicity in four patients but one 
patient, at the highest dose level, developed self-limiting 
grade 3 hepatotoxicity and grade 4 thrombocytopenia. 
Interestingly, there were three objective responses, as 
determined by a 50% reduction in the serum PSA level. 
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Other genc-delivery approaches can be considered 
under the definition of cytoreductive gene therapy. 
Spitzweg et al. (1999) (53) have reported a novel strat- 
egy based on the successful treatment of thyroid cancer 
with radioactive '?'I. The basis of this therapy is that 
benign and malignant thyroid cells express very high 
levels of the sodium iodide symporter (NIS) in a tissue- 
specific fashion. This accounts for their prodigious 
ability to concentrate iodinc, which acts as a cytotoxic 
agent when it is administered as a -particle emitting 
radioisotope ('*'T). Therefore, transduction of prostate 
cancer cells with the NIS gene, under the control of the 
PSA promoter, has been shown specifically to confer on 
them the ability to concentrate'?!I. As yet, no data have 
been presented dealing with the feasibility of this 
approach in vivo. Marcelli et al. (1999) (95) have tar- 
geted the apoptotic machinery of the cell directly by 
delivering an adenoviral vector encoding the caspase 7 
gene. Caspase 7 is a key control element in directing 
cells towards apoptosis. These authors demonstrated 
that expression of caspase 7 in parental LNCaP cells, 
and in the same cell line engineered to over-express the 
anti-apoptotic gene bcl-2, resulted in an increase in 
apoptosis. 


Ablative gene therapy 


In contrast to the TSG, a number of mutations may 
lead to direct activation of oncogenes, which confer 
upon the tumor a growth advantage or the ability to 
avoid normal apoptotic pathways. Examples of such 
oncogenes, which are frequently mutated in cancers, 
including prostate cancers, are the ras, myc, erbB2, and 
bel-2 oncogenes (96-99). In such situations, gene 
therapy faces the challenge of negating the activating 
function of these mutated genes. Again, the potential 
limitation of such an approach is that it must target 
every cell in a tumor in order to eradicate the disease. 
This consideration has led a number of investigators to 
examine the effect of ablative gene therapy in combina- 
tion with other conventional cytotoxic agents. Two 
main strategies for ablative gene therapy have been 


described: 
(1) anti-sense oligonucleotides; and 
(2) catalytic ribozymes. 


Anti-sense oligonucleotides (AO) are nucleic acid 
sequences, which are complementary to the sequences 
of the genes whose functions are to be negated. They 


Prostate cancer 


are able specifically to inhibit the activitics of onco- 
genes either by binding to the DNA sequence and pre- 
venting transcription or by binding to the messenger 
RNA (mRNA) transcripts and preventing them from 
being translated. As yet, the precise mechanisms by 
which AO act have not been defined clearly. Balaji 
et al. (1997) (100) reported that delivery of an AO 
against the c-myc oncogene was able to reduce the 
growth of prostate cancer cells in vitro. These results 
have been confirmed using RV-mediated delivery of 
anti-c-myc AQ, which was able to reduce the growth of 
xenograft tumors in nude mice, although it did not 
affect the growth of tumor cells in vitro (101). Over- 
expression of the bcl-2 oncogene, which protects cells 
against being directed into apoptotic pathways, has 
been observed in prostate cancer cells after androgen 
withdrawal and has been associated with the develop- 
ment of androgen independence and chemoresistance. 
Treatment with AO against bcl-2 has been shown to 
delay the progression of prostate cancer to an andro- 
gen-independent state and to increase its sensitivity to 
cytotoxic chemotherapy (102, 103). The ras family of 
oncogenes (Ha-ras, Ki-ras, and N-ras, and their down- 
stream signalling component raf) has also been assessed 
as a potential target for AO therapy. The ability to 
reverse the malignant phenotype by delivery of a domi- 
nant negative ras gene has been reported and has given 
impetus to this approach (104). Geiger et al. (1997) 
(105) reported that direct administration of AO against 
raf significantly increased the effect of cytotoxic 
chemotherapy agents against subcutaneous prostate 
xenograft tumors in nude mice. As yet, there have been 
no reports of gene-directed delivery of anti-ras AO, 
although from the above data it would appear to be an 
appropriate target. Lee et al. (1996) (106) have demon- 
strated in vitro activity of an AO under the control of 
the PSA promoter against DNA polymerase-a and 
topoisomerase-[Ia in prostate cancer ceil-lines. 
Significantly, this activity was restricted to prostate 
cancer cell-lines by virtue of the relatively tight tran- 
scriptional control of the PSA promoter. 

Ribozymes are RNA molecules with specific catalytic 
activities, which confer on them the ability to degrade 
certain mRNA molecules. The most clearly defined 
molecules in this class are the hammerhead ribozymes 
(HR) (so-called because of their molecular shape). 
Dorai et al. (1997) (107) have reported the ability of a 
specific HR to degrade bel-2 mRNA both in I.NCaP in 
vitro and in vivo. In addition, expression of this 
ribozyme was able to induce apoptosis of prostate 
cancer cells with low levels of bcl-2 expression. 
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Another cell line with high level bcl-2 expression was 
rendered susceptible to the effects of an apoptosis 
inducing agent. In a further study, the same group 
reported that adenoviral delivery of this HR construct 
was effective in bel-2 over-expressing cell lines (108). 
The activity of HR in non-prostate cancer cell lines 
with ras mutations has also been reported (109, 110). 
There have been no reports of ribozyme activity against 
the myc or c-erbB2 oncogenes. 

A variation on the theme of using AO or HR to inac- 
tivate mRNA has been proposed by Kim et al. (1997) 
(111). In this situation, delivery of an adenovirus 
expressing an intracellular single-chain antibody 
against c-erbB2 was shown to reduce significantly the 
growth of c-erbB2 positive, but not negative, cell lines. 


Immunomodulatory gene therapy 


The development of cancer in the context of an appar- 
ently immune-competent patient can be seen as a 
paradox. While many tumors express so-called tumor- 
associated antigens (TAA), which can be recognized by 
both the humoral and cellular arms of the immune 
system, verifiable clinically relevant anti-tumor immune 
responses are exceedingly rare. This observation has 
resulted in the notion that the tumor is capable of 
evading the immune system, both by reducing its own 
immunogenicity and by blunting the effectiveness of any 
immune response that is activated against it (112). A 
number of mechanisms, which play a part in the ability 
of tumors to evade immune recognition, have been 
identified. Total or partial loss of expression of the major 
histocompatibiliry complex (MHC) Class 1 (113) and co- 
stimulatory B7.1/B7.2 (114) molecules have been docu- 
mented in many cancer types, including prostate cancer, 
and serves to reduce the efficiency of presentation of 
TAA to cytotoxic T lymphocytes (CTL). Mutations in 
the pathways controlling the transport and presentation 
of peptides at the surface of tumor cells may also mask 
them from detection by CTL (115). CTE, which infiltrate 
prostate cancers, may be killed by means of rclease of 
soluble Fas ligand (FasL) from the tumor cells (116), 
while the malignant cells appear to be relatively resistant 
to this important pathway of cell killing (117). 

The presence of these documented immune defects 
has fuelled interest in approaches aimed at delivering 
genes that enhance the immunogenicity of tumors and 
the ability of the immune system to mount an effective 
response (4, 118, 119). Attempts to mobilize the 
immune system against cancer have a number of 
theoretical advantages: 
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(1) the specificity of recognition inherent in immune 
reactions should limit the occurrence of normal 
tissue toxicity; 


(2) the gencration of an immune responsc at one site 
should prime the immune system against other 
distant deposits of disease; 


(3) the nature of the immune system involves 
significant signal amplification, such that a small 
stimulus can lead to a much larger response; 


(4) once established, anti-tumor immunity should be 
permanent and protect against disease recurrence, 


The organization of the immune system is extremely 
complex and a detailed analysis of the cellular and 
humoral components involved in generation of an 
effective immune response against cancer is beyond the 
scope of this review. The contribution of the cellular 
arm of the immune system has been most actively 
studied and certainly appears to be the most fruitful 
avenue for further development of immunomodulatory 
gene therapy. The role of humoral immunity in the 
form of production of specific anti-tumor antibodies is 
less clear and will not be considered further. Figure 
24.6 represents a simplified version of the key players 
involved in generating an immune response against a 
tumor. The central theme is one of activating specific 
CD8+ CTL capable of recognizing TAA and endowing 
them with the power to kill those cells. A number of 
steps in this process are deranged in the tumor milieu 
and are, therefore, targets for immunomodulatory gene 
therapy. Figure 24.7 illustrates some of the means by 
which delivery of a therapeutic gene could be used to 
gencrate or enhance the immune response against 
tumors. These approaches can be divided as follows: 


(1) delivery of cytokine genes with the aim of increas- 
ing localization and immunoreactivity of antigen- 
presenting cells (APC), most notably dendritic 
cells (DC) and macrophages, and T cells (120); 


(2) delivery of genes encoding co-stimulatory mole- 
cules with the intention of improving the ability 
of CTI. to recognize, engage, and destroy tumor 
cells (121); 


(3) expression of exogenous foreign immunogens 
(e.g. allogeneic tumor cells or MHC molecules), 
which will generate a potent local immune and 
inflammatory reaction and generate an environ- 
ment conductive to APC acquiring TAA (so-called 
cross-priming of an immune response) (119, 122); 
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(1) Release of tumor-associated antigen (TAA) from tumor celt (physiological or induced by 
cytocine therapy} 

(2) Phagocytosis of TAA by immature antigen-presenting cell (APC} 

(3) Processing and presentation of TAA by APC to CD*+ T cell in the context of MHC Clas: 
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becoming a CTL 

(6) Secretion of cytokines from CD4+ T cell (T helper cell) to stimulate CD8+ T cell 

(7) recognition of TAA presented in context of MHC Class | molecule with appropriate co- 
stimulatory molecules (B7,1/B7.2) by CTL. Tumors frequantly have down-regulated 
expression of MHC Class | and/or co-stimulatory molecules, which result in poor T cell 
response 


Fig. 24.6 Simplified representation of the steps involved in 
generating an effective immune response to a tumor cell. A 
number of these processes are targets for immunomodulatory 
gene therapy (see text for details). 
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Fig. 24.7 Strategies for immunomodulatory gene therapy of 
cancer: delivery of a number of therapeutic genes has the 
potential to prime an immune response against cancer 
(modified from Melcher et al. 1999). 
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(4) delivery of a cytoreductive gene therapy (e.g. 
HSV-tk/GCV) with release of TAA which is 
phagocytosed by APC and presented to immune 
effector cells (123, 124); 


(5) delivery of cloned TAA as intramuscular injec- 
tions of naked DNA with the generation of an 
immune response by means of mechanisms which 
are, as yet, unclear but which probably involve 
local uptake and expression by APC (125, 126). 


Most studies of immunomodulatory gene therapy 
have been conducted in tumor types other than 
prostate cancer, although the lessons learned from 
these studies may be applicable to a broad range of 
malignancies. A great deal of work has been conducted 
in animal models using transfer of cytokine genes in an 
attempt to stimulate APC, CD4+, and CD8+ immune 
effector cells to localize to tumors and kill tumor cells. 
Particular attention has focused on the use of granulo- 
cyte-macrophage colony stimulating factor (GM-CSF) 
and interleukin-2 (IL-2), although work has also been 
conducted using IL-4, IL-6, IL-7, IL-12, interferons 
beta (IFN-8) and gamma (IFN-+y) and tumor necrosis 
factor alpha (TNF-a) (120). In the context of prostate 
cancer, it has been shown that rats bearing hormone 
refractory prostate cancers (Dunning rat model) vacci- 
nated with irradiated, non-viable prostate cancer cells 
engineered to express and secrete GM-CSF, had pro- 
longed survival when compared to animals vaccinated 
with irradiated cells alone or with the same cells mixed 
with soluble GM-CSF (127). The same authors went 
on to show that it was possible to engineer fresh cul- 
tures of human prostate cancer cells taken from radical 
prostatectomy samples to express GM-CSF. Following 
on from this, a phase I trial was conducted in which 
eight immunocompetent patients with prostate cancer 
received autologous, GM-CSF-secreting, irradiated 
tumor vaccines prepared from ex vivo RV transduction 


‘of surgically harvested cells with GM-CSF. The side- 


effects of the treatment were local and limited to pruri- 
tis, erythema, and swelling at the vaccination sites, 
biopsy of which revealed infilrrates of DC and 
macrophages among prostate tumor vaccine cells. New 
T-cell and B-ccll immune responses against prostate 
cancer TAA were documented. Further studies of this 
approach arc in progress (128). The results of a phase 
II clinical trial have suggested that local secretion of 
GM-CSF from the vaccine cells is important, since sys- 
temic adjuvant administration of GM-CSF during a 
DC-based vaccination study appeared not to alter the 
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generation of immune responses or clinical outcomes 
(129). The effect of IL-2, GM-CSF, and IFN-y secreting 
irradiated tumor-cell vaccines has been compared in 
the Dunning rat model (130). The IL-2 vaccine was 
capable of curing animals with established subcuta- 
neous tumors and protected them from subsequent 
tumor challenge. The GM-CSF vaccine was less effec- 
tive and the IFN-y vaccine had only a minimal effect. 
Other cytokine-based gene therapy approaches that 
have been reported in prostate cancer models tn vitro 
and in vivo include adenoviral delivery of IL-12, which 
enhanced both natural killer (NK) and T-cell activity 
against orthotopic prostate tumors (131), enhancement 
of the effect of radiotherapy by expression of TNF-a in 
prostate tumor xenografts (132), expression of IFN-8 
as a means of reducing tumorigenicity, metastatic 
potential and tumor-induced angiogenesis (133), and 
adenoviral delivery of Fas ligand, which resulted in 
increased apoptosis in vitro and growth retardation in 
vivo (134), 

Although not directly involving gene transfer, vacci- 
nation strategies using APC that have been exposed to 
TAA in vitro (ex vivo) is generally considered as a form 
of gene therapy. This technique has enormous potential 
and is currently the subject of intense research activity. 
As can be seen from Fig. 24.6, such approaches repre- 
sent a means of improving the ability of APC to present 
TAA to T cells and prime an immune response. The 
prospect of using DC isolated from patients to present 
prostate cancer TAA was initially reported by Tjoa et 
al. (1995) (135). Subsequently, this group has reported 
a number of phase WII clinical studies of the adminis- 
tration of autologous DC exposed to prostate-derived 
peptides (prostate-specific membrane antigen, PSMA) 
in patients with prostate cancer (129, 136-138). 
Response rates in the order of 30% have been reported 
in these studies, which have included patients with 
locally recurrent and metastatic prostate cancer. 


Summary 


As can be seen from this brief review of gene therapy 
for prostate cancer, work is proceeding actively on a 
number of fronts. In fact, such is the range of potential 
therapeutic interventions that there is a very real 
danger that the effort to produce effective clinical 
strategies will be diluted. Clearly, the first major chal- 
lenge to be addressed is the question of efficient gene 
delivery by optimized, systemically administered 
vectors. If this step can be achieved, the next decision 
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will be the selection of the most appropriate target of 
therapy. In this regard, it is likely that cytoreductive 
therapies will be most advantageous since, in the 
setting of cancer, transient-gene expression may be 
sufficient to achieve cell kill. In addition, immunomod- 
ulatory gene therapy represents an extremely attractive 
therapeutic target in that local administration of potent 
genes may be sufficient to recruit and mobilize the 
immune system to reject disseminated disease. In con- 
trast, the elegant approaches aimed at correcting aber- 
rant expression of TSP or tumor oncogenes may be less 
well-suited to cancer gene therapy. Such approaches 
would either need to achieve prolonged (permanent) 
gene expression or would have to be given in combina- 
tion with standard anti-cancer treatment modalities, 
which have already been shown to have limited efficacy 
against prostate cancer. As is apparent from the large 
number of studies that have been published within the 
last 2-3 years, the pace of research into gene therapy 
for prostate cancer is likely to accelerate in the coming 
years. Hopefully, this work will define a number of 
novel therapeutic modalities which will have a 
significant impact on the outcome of this disease. 
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Introduction 


Due to the well-recognized changes in population in 
the last half-century, there has been an increase in the 
numbers of elderly people as a proportion of the total 
population. The number of people over 80 years of age 
is projected to increase by 135% by the year 2020. It is 
also important to consider that these older individuals 
can anticipate further years of life-expectancy, with the 
concomitant risk of cancer increasing (1, 2). Those 
who survive to 70-75 years of age can be expected to 
live for a further 14 years, those who survive to 80-85 
years can expect 8 more years of life and those alive at 
85 can expect for another 6 years (3). The risk of 
developing cancer increases with advancing age usually 
up until the age of 80-85 years and then declines. It 
has been estimated that in the new millennium, 70% of 
cancers will arise in the over 65 ycars age group (4, 5). 

Age is the greatest risk factor for prostate cancer. In 
autopsy studies, the prevalence of the disease is about 
30% of men over 50. The incidence increases with age 
and foci of adenocarcinoma occur in virtually all men 
over 90. As a result of improvements in life- 
expectancy, there are now more elderly men with 
prostate cancer (6, 7). Recent attention has been 
focused on management of prostate cancer in the 
elderly and in view of the increasing incidence of this 
disease, there is the dilemma if their management 
should differ from that of the younger patients. 


Elderly patients and co-existing 
diseases 


Aging is a complex biological process therefore, not 
only does the incidence of malignant disease increase, 
but also a variety of non-malignant diseases follows a 
similar pattern. The commonest co-existing diseases in 


patients with cancer are arthritis, hypertension, 
diseases of the digestive tract, cardiac, and respiratory 
disorders (8). The number of co-existing conditions is 
variable with many patients having a number of under- 
lying disturbances of tissue and organ function. 

Of vital importance is the patient’s underlying 
mental state. Disturbance of mental function and 
depressive disorders often complicate the care of 
elderly patients, impairing their ability to fully under- 
stand their disease and its management, and restricting 
the delivery of optimal therapy. Also patients with 
severe co-existing disease may receive less complete 
diagnostic or therapeutic interventions because of their 
inability to tolerate these procedures. 

In circumstances where treatment options are not 
limited by the presence of severe co-existing diseases, 
elderly patients should not be excluded from similar 
Management strategies used for younger patients (9, 
10, 11). Although an age of 70 is frequently a cut-off 
point between different management strategies, a life- 
expectation of 10 years is usually considered more 
important than a chronological age. 


Diagnosis and screening of 
prostate cancer in the elderly 


With the development of prostate-specific antigen 
(PSA), transrectal ultrasound (TRUS), and TRUS- 
guided biopsy, screening for prostate cancer is now a 
possibility (12, 13). Routine PSA screening for prostate 
cancer is highly controversial. The American Cancer 
Society and the American Urological Association favor 
screening, whercas the US Preventive Services Task 
Force on the Periodic Health Examination, and the 
Canadian Urologic Association recommend against it. 
While the use of PSA to diagnose subclinical prostatic 
carcinoma is controversial in the younger man, it is 


344 


easier to be categorical in the older man (14, 15). Most 
authorities agree that there is no reason to routinely 
screen men age 75 and olde,r or other men unlikely to 
live long enough for prostate cancer to become sympto- 
matic. There is a consensus that PSA should only be 
measurcd in the elderly if there is clinical evidence for 
prostate cancer (16, 17), Most urinary symptoms in the 
elderly are not due to cancer, and too often the raised 
PSA causes confusion. The mean size of the prostate 
increascs with age due to development of benign 
prostate hyperplasia. The concept of age-related PSA is 
useful. Age-specific reference ranges have been pro- 
posed, since PSA values and prostatic volume normally 
increase with age (Table 25.1). Essentially, these 
propose that the level of PSA above which investigation 
is appropriate increases with age. The age-related range 
is helpful; a man 80 years old can be reassured that for 
him a PSA of 6.0 is normal (18). Use of such ranges 
would increase the test's sensitivity in younger men and 
its specificity in older men; it would reduce the number 
of biopsies performed but would also result in large 
numbers of organ-confined tumors being missed in 
older patients. 

PSA has proved most helpful in the elderly men with 
symptoms of possible prostate cancer, notably back or 
other bone pain, because serum PSA is a good marker 
of tumor volume: the higher the level, the greater the 
likelihood of extra-prostatic disease. A PSA of less than 
10 ng/ml rules out advanced prostate cancer and the 
patient could have localized early disease, which is 
likely to have slow progression and be of little threat. If 
PSA is over 100 it is diagnostic of prostate cancer and 
usually is associated with metastatic disease (19). PSA 
tests merely identify those for whom a biopsy should 
be considered. 

Transrectal ultrasound may demonstrate lesions in 
the prostate not palpable on rectal examination. 
However its main use is in guiding a biopsy needle. 
Besides being an undignified and uncomfortable proce- 
dure, the contribution of TRUS-guided biopsy for the 
diagnosis of prostate cancer in older men is limited. 
The false-negative rate is about one-quarter of men 


Table 25.1 Age-rclared PSA range 

Age range Reference range (ng/ml) 
4049 0-2.5 

50-59 0-3.5 

60—69 0-4.5 

70-79 0-6.5 
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with cancer and repeat biopsy is recommended for the 
patients for whom the initial biopsy is negative and 
there is strong indication of having the disease (20). 
Considering both the risk (significant morbidity) and 
discomfort of biopsy, histological confirmation is a 
little academic, as a negative biopsy does not in any 
casc rule out cancer; otherwise rushing into a biopsy, 
with its attendant risks, is certainly not appropriate for 
an old man (21, 22, 23, 24). It is suggested that, if the 
older patient has obstructive symptoms, a transurethral 
resection of the prostate (TURP) is an appropriate way 
to deal with these and also to confirm the diagnosis, 
espccially if the PSA is above 20 ng/ml and carcinoma 
is likely. In men with a PSA at this level and without 
symptoms, the decision is more difficult. 1f we could 
exclude the metastatic disease in such men, surveillance 
would be appropriate whether or not a pathologist has 
confirmed the diagnosis. 


Staging of prostate cancer in the 
elderly 


Staging of prostate canccr used to include in the past a 
bone scan, CT-scans, and an acid phosphatase mea- 
surement. With the increasing use of PSA mcasure- 
ment, most urologists are dropping these tests, since 
results are rarely positive, when PSA levels are less than 
20 ng/ml. For patients with values higher than 
20 ng/ml, imaging studies may be used (25, 26). PSA is 
a good marker for tumor volume and an important 
predictor of survival. Men older than 60 years with 
cancers smaller than 0.5 ml in volume are unlikely to 
live long enough for the cancer to grow large enough to 
metastasize (27). However volume is difficult to esti- 
mate accurately before surgery. It has been suggested 
that a core length of 3 mm or more on one of six cores 
on biopsy indicates a tumor volume of more than 
0.5 ml. 

A number of other molecular staging strategics are 
currently being tested. The reverse transcriptase-poly- 
merase chain reaction (RT-PCR) assay, targeted against 
PSA or prostatic-specific membrane antigen (PSMA), 
can detect occult prostate cancer cells at sites far from 
the primary tumor. Other assays under investigation 
include the measurement of telomerase activity, high 
levels of which are frequent in men with poorly differ- 
entiated tumors. Whether this assay can differentiate 
between aggressive and more indolent forms of 
prostate cancer requires further investigation. 


Prostate cancer in the elderly 


A chart review study was donc in 242 cancer 
patients to determine whether the age of patients with 
prostate cancer influenced their physicians’ staging 
strategies. Their model indicated that men received less 
intensive diagnostic evaluations as a function of age, 
even when symptoms, comorbidities, and hospital were 
controlled, so they suggested that older patients with 
prostate cancer appear to be less likely to receive inten- 
sive clinical staging and therapics (28). 


Age and histologic grade in 
prostate cancer 


The relationship of age to histologic grade of malig- 
nancy has received little attention in the medical litera- 
ture. Studying the relationship of age to survival in 597 
prostate carcinoma patients in England, Smedley et al. 
demonstrated that neither grading bascd on a 
modification of Gleason’s score nor survival are related 
to age at diagnosis (29). The same rclationship was 
studied in 44300 cases in Sweden: survival was 
decreased by about 10% in men younger than 45 and 
older than 75, when comparcd to those aged between 
46 and 74 ycars at diagnosis, but the effect of histo- 
logic grade on survival was not examined (30). 

Borec et al. studicd 4968 cases of prostatic carci- 
noma, which were stratified into age groups and 
classified as cither well-differentiated (Grades I and TI) 
or poorly differentiated (Grades III and IV). The 4596 
graded cases were distributed by stage as follows: local 
3451 (75%), regional 509 (11%), and distant 636 
(14%). The findings indicated that when all stages of 
prostatic carcinoma arc considered together, there is a 
direct relationship between tumor grade and patient 
age. In fact, it was suggested that in older men, clini- 
cally apparent prostatic carcinoma is of advanced 
grade. It seems that in the elderly, there are two types 
of prostatic cancer, which differ in their biological 
behavior. The well-differentiated variety may have no 
ability to spread beyond the prostate, while the undif- 
ferentiated type is more aggressive (31). 

An alternative interpretation by the Stanford 
University group related differentiation directly to 
tumor volume and evidence of spread beyond the 
prostate (32), In the older patients increasing tumor 
volume was accompanicd by an increase in the number 
of poorly differentiated tumors (33). 

The trend toward increased grade with increased age 
becomes clear when all stages of disease are considered 
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together. However, this trend is mainly scen in-patients 
with localized disease and not observed in-patients 
with distant metastases. This apparent discrepancy 
between patients with localized disease and patients 
with regional or distant spread may be due to the bio- 
logical behavior of prostatic carcinoma. 


Management of localized disease in 
the elderly 


Many aspects of the management of prostate cancer 
are controversial. Curative treatment is only con- 
sidered possible if the tumor is confined to the prostate 
without invasion of the capsule. Options for the 
management of cancer confined to the prostate include 
watchful observation, radical prostatectomy, and 
radiotherapy (34, 35). Hormone 
therapy is usually reserved for men whose tumor has 
failed primary treatment or who have evidence of 
metastatic disease (36). 

Elderly patients are often excluded from partici- 
pating in clinical trials on the basis of their age alone. 
However more recent studies have suggested that 
older patients frequently wish to be involved in the 
decision-making process and the treatments they 
chose are comparable with those chosen by younger 
patients (37). 

Confined cancer in this age group is usually 
managed expectantly. Observation is the preferred 
approach outside the United States and is fairly 
common even within the US for stage A (non- 
palpable) cancers. In the alternative term watchful 
waiting, it is the watching that is vital. The patient is 
being observed to ensure that an indication for treat- 
ment does not arise and, when it does, that it is 
treated promptly. The reason for surveillance is that 
the majority of cancers will not progress so rapidly as 
to endanger the life of the patient. With the possible 
exception of poorly differentiated tumors, confined 
disease is only considered a threat to those with a life- 
expectancy of more than 10 years (38). One recent 
study in Sweden found that survival in patients with 
localized disease that deferred treatment, was similar 
to those patients who received early treatment (39). 
Another study reported that men age 65-75 years 
with low-grade localized prostate cancer (Gleason 
score 2-4), who were untreated or received only 
hormone therapy, had the same survival as men the 
same age in the general population; that is, they had 
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about a 13% risk of dying within 10 years. However 
the risk of dying within 10 ycars was 24% for men 
with moderate grade disease (Gleason score 5-7) and 
46% for men with high-grade disease (Gleason score 
8-10) (40). 

Men in their mid-70s or older who have low- to 
moderate-grade localized prostate cancer are good can- 
didates for observation management. The same implies 
for men aged 65 or over who have low-grade disease or 
minimal tumor volume. Men with greater risk of pro- 
gression may also consider this approach since cur- 
rently available treatments have not been shown to 
control poorly differentiated disease. Treatment out- 
comes for localized disease with surgery or radiation 
therapy are equally effective in-patients with a life- 
expectancy of less than 10 years. The benefit of obser- 
vation is avoidance of the complications that can occur 
following aggressive treatment. As men live longer, 
their expectations change. Sexual activity remains 
important for many elderly men. It is important to 
discuss with the patient the possible options, that with- 
holding potentially curative treatment carries the risk 
of tumor progression and metastasis. 


Radical retropubic prostatectomy 
in the elderly 


Elderly patients with surgically resectable prostate 
cancer require different considerations unique to their 
age group when surgery is considered for this disease. 
Elderly patients, even those without significant medical 
problems, may have a prolonged recovery period and 
may be at increased risk for complications from 
surgery; these complications must be balanced against 
the probability of non-cancer-related morbidity and 
mortality (41). 

Surgical resection is considered by many surgeons to 
be the treatment for healthy men with prostate cancer 
and a life-expectancy of more than 10 years, and 
several studies suggested that radical therapy should 
be withheld from patients with life-expectancy less 
than 10 years. The appropriate candidates for surgery 
are men in reasonably good health that are about 73 
or younger, with tumor confined in the prostate. 
Several studies have examined the morbidity and mor- 
tality of pelvic surgery in elderly patients and found 
that in well-selected patients, the surgical outcome is 
positive. In a study at the Mayo Clinic 1966-88, 191 
patients who were < 55 years old and 51 elderly 
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patients who were > 75 years old underwent radical 
retropubic prostatectomy. Compared with younger 
patients, elderly patients had a higher stage and two- 
thirds of them did not have peri-operative complica- 
tions. No elderly patients died within 5 years after 
operation. The incidence of respiratory distress and 
significant urinary incontinence was greater, however, 
in the elderly patients and only the elderly experienced 
delirium or confusion. The major criticism about these 
studies is that the older paticnts were well-sclected, 
healthy older men. 

Unfortunately in many patients radical surgery does 
not appear to improve survival. Lu- Yao and associates 
found that 24% of men with organ-confined disease at 
the time of surgery, required additional treatment 
within 5 years of undergoing radical prostatectomy 
(42). Even when the disease is confined to the prostate, 
radical surgery may be inappropriate for very old 
patients. All major pelvic surgery is associated with a 
high risk of deep venous thrombosis and pulmonary 
embolism, as well as cardiovascular and infective com- 
plications; elderly patients are more susceptible to such 
complications. They also benefit less from nerve- 
sparing techniques; 80% of patients over 70 years are 
impotent after radical prostatectomy (43). A chart 
review study was done of 216 patients with prostate 
cancer who had non-metastatic disease, in the registries 
of ten Southern California hospitals during the years 
1980-82. There were significant variations in the inten- 
sity of treatment as a function of patient age. Table 
25.2 shows a strong relationship between increasing 
age and less frequent use of treatment with surgery or 
radiation therapy. These data indicated that physicians 
and patients considered the likelihood of tolerating 
therapy when deciding on the therapy. The American 
College of Physicians has concluded that radical 
prostatectomy potentially adds 3 years of life for men 
in their 50s, 1.5 years for men in their 60s, and 0.4 
years for men in their 70s. 


Table 25.2 Treatment for localized prostate cancer and age 


Age (yr) 

50-64 65-74 >75 

(n = 60) (n = 74) (n = 82) 
Treatment 
Local therapy only 66.7 47.3 9.8 
Hormonal therapy 11.7 12.2 45.1 


Hormonal and Jocal 3.3 4.0 0.0 
Observation only 18.3 45.1 
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Radiation treatment of elderly 
patients with prostate cancer 


One of the options of treatment presented to patients 
with localized prostate cancer is radiation therapy. A 
major concern has been the suggestion that elderly 
patients are unable to tolerate the conventional radio- 
therapy dosage treatment schedules. However, this is 
not necessarily the case and many elderly patients can 
tolerate radiotherapy treatment just as well as younger 
patients (44, 45). 

The US national surveys in prostate cancer conducted 
by the Patterns of Care Study in radiation oncology and 
the prostate cancer database from the Department of 
Radiation Oncology of the Fox Chase Cancer Center 
(Philadelphia, PA) have been used to compare processes 
and outcomes of conventional radiation treatment with 
conformal 3-dimensional (3D) radiation treatment in 
elderly patients compared with younger patients (46). 
Their data are the result of four national surveys con- 
ducted to evaluate patients treated for prostate cancer in 
1973, 1978, 1983, and 1989. There were a rotal of 2210 
patients. The results demonstrated the dramatic shift in 
the median age of patients treated with radiation therapy 
in the United States from 65 years in 1973 to 72 years in 
1979. From 1973 to 1989, the 70-years or older group 
increased from 28% to 63% of the population, the 
75-ycars or older group increased from 10% to 35%, 
and patients older than 80 years increased from 3% to 
9%. The data suggested no significant late complications 
of treatment between the two age groups of patients 
(< 70years, > 70years). There was a significant decrease 
of 117 cGy in dose for older patients but this not 
thought to be biologically significant. Conventional tech- 
nique was associated with an increase in acute (during 
treatment) symptoms for patients older than 65. With 
the new 3D conformal therapy, which uses computer 
modeling to reconstruct the tumor and shielding to 
protect surrounding normal tissues, high doses can be 
delivered to the prostate from outside the body without 
causing an extensive amount of injury to skin and adja- 
cent tissues, such as the small bowel, posterior wall of 
the rectum, anal canal, and urethra. When the conformal 
technique was used, rate of acute symptoms decreased by 
half, and older patients experienced the same rate of 
acute symptoms as younger patients (47, 48). 

Cohort studies of patients with clinically localized 
prostate cancer treated with radiation therapy found 
that overall survival at 10 years was not different from 
that for age-matched controls. It has been shown that 
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long-term clinical control is confirmed by a normal 
prostate-specific antigen in 88% of 10-year survivors of 
prostate cancer (49, 50, 51). Radiation therapy of local- 
ized carcinoma of the prostate it is as effective as 
surgery, whilst for locally advanced disease radio- 
therapy is preferred to surgery, because it is associated 
with fewer complications. As for interstitial brachy- 
therapy, there are not studies to suggest that in the 
elderly. 

Although some biological and molecular data indi- 
cate a rise in radiation sensitivity with growing age, 
appropriately sclected elderly patients can realize the 
benefits of radiation treatments of their prostate 
cancers as younger patients. 


Management of extra-prostatic 
disease in the elderly 


Prostate cancer metastatic discase is treated with 
hormone therapy aiming to remove the sources of 
androgen or testosterone in the body. This can be 
accomplished through bilateral orchiectomy or medical 
castration. Dicthylstilbestrol has also been used, but this 
non-steroidal estrogen has a higher rate of cardiovas- 
cular complications than do other approaches (52). 
Therapy with a luteinizing hormone-releasing analogs 
(c.g. leuprolide) is now favored by most clinicians. These 
agents greatly diminish pituitary secretion of luteinizing 
hormone and testicular production of testosterone; cur- 
rently they are available in a suspension that needs to be 
injected only once every 3 months (53). Hormone treat- 
ment may be more readily accepted in the elderly. Where 
prostate cancer is causing troublesome bladder outflow 
obstruction, hormone treatment is a reasonable alterna- 
tive to TURP, especially in a man unfit for surgery. Men 
with prostate cancer presenting with retention of urine 
will often be able to void urine spontaneously after a few 
weeks of hormone treatment (54, 55). Some clinicians 
favor total androgen ablation. This is achieved by 
therapy with anti-androgens (e.g. flutamide) whose 
action is to compete with circulating testosterone for 
androgen receptors. Adverse cffects of hormone therapy 
include loss of libido and impotence, hot flushes, and a 
small weight gain. Since the introduction of LHRH 
analogs, the number of elderly men undergoing orchiec- 
tomy has decreased. However orchiectomy has some 
advantages, such as simplicity, which is very important 
for an old immobile man with multiple diseases who 
may be on a large number of drugs. 
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Unfortunately, androgen-deprivation therapy is not 
curative. After a period of time androgen-resistant cells 
break through and spread, eventually causing death. 
Recent studies indicate that a patient whose cancer has 
become refractory to total androgen ablation may have 
a temporary remission of disease if anti-androgen 
therapy is withdrawn, but such response is usually 
short-lived. The general consensus is that the majority 
of patients probably do not benefit from combined 
androgen ablation. If it has a role, it probably is in the 
younger patient with low-volume disease and is not an 
issuc for a man over 75. 

Because hormone therapy primarily relieves the 
symptoms of metastatic disease, some clinicians believe 
that it should be held in reserve until symptoms 
develop; others favor initiating treatment as soon as 
metastatic disease is identified. However, carly hormone 
therapy appears to offer no survival advantage over 
delayed hormone therapy (56). Advanced prostate 
cancer is incurable, however the intervention of another 
disease may lead to the elderly man dying before this 
happens. The right decision in this case is to concentrate 
on prompt effective symptom palliation (57). 

Analgesia and radiotherapy can usually control bone 
pain. In some men palliative treatment with the stron- 
tium-89 helps control pain from metastases to bone. 
The clinician must be alert to complications, notably 
spinal cord compression that can often be prevented if 
radiotherapy starts at the first indication. Many men 
suffer from local progression and urinary symptoms or 
hematuria can often be palliated by a low dose of 
radiotherapy. Ureteric obstruction in hormone refrac- 
tory disease should be considered terminal event (58). 
While a remission with nephrostomy drainage or stents 
might be useful for the younger man, the imposition of 
these is rarely justified in the elderly. 


Conclusions and recommendations 


Elderly patients with prostate cancer should be care- 
fully evaluated. The choice of therapy for localized 
prostate cancer is often guided by concern for patient 
tolerance and longevity. Patients should be informed 
that treatment does not guarantee that the cancer will 
not metastasize, and the amount by which treatment 
reduces the risk of metastasis is uncertain. Elderly men 
are more likely to be followed without additional 
therapy, because the potential benefits of therapy are 
small enough that watchful waiting is a reasonable 
alternative. 
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Older men must consider the likelihood that maybe 
they will die from some other cause before their cancer 
generates significant problems. Previous studies have 
not indicated clearly that older men have significant 
shortening of expected survival if they are just fol- 
lowed clinically. Future studies that retrospectively 
investigate the importance of patient preferences, 
quality of life, and survival are needed to understand 
the age-related variations in care for men with cancer 
of the prostate. 

Physicians need to consider life-expectancy and the 
quality of life in making treatment decisions. Decisions 
based on age alone are likely to result in reduced poten- 
tial for cure or quality in elderly men. They should 
always remember that they are treating not prostate 
cancer, but a man who has the disease and for whom 
no rigid formula can provide the correct solution. 


References 


1. Coeburg JWW. Significant trends in cancer in the 
elderly. Eur J Cancer 1996, 32A, 569-71. 

2. Golini A, Lori A. Aging of the population, demographic 
and social changes. Aging 1990, 2, 319-36. 

3. McKenna RJ. Clinical aspects of cancer in the elderly. 
Cancer 1994, 74, 2107-17. 

4. Ashkanani F, Heys SD, Eremin O. The management of 
cancer in the elderly. J Roy Coll Surg Edinb 1999, 44, 
2-10. 

5. Joint NCI-EORTC consensus meeting on neoplasia in 
the elderly. Eur J Cancer 1991, 27, 653-4. 

6. Franks LM. Latent carcinoma of the prostate. J Path 
Bacteriol 1954, 68, 603-16. 

7. McNeal JE. Origin and development of carcinoma of 
the prostate. Cancer 1969, 23, 24-34. 

8. Repetto 1., Granetto C, Venturino A. Comorbidity and 
cancer in the aged: the oncologists point of view. Rays 
1997, 22 (Suppl 1), 17-9. 

9. Mor V, Masterson-Allen S, Goldberg RJ et al. 
Relationship between age and diagnosis and treatments 
received by cancer paticnts. J Am Geriatr Soc 1985, 33, 
585-9. 

10. Wettle VT. Age as a risk factor for inadequate treat- 
ment (editorial). JAMA 1987, 258, 516. 

11. Kennedy BJ. Aging and cancer. J Clin Oncol 1988, 6, 
1903-11. 

12. Kirby RS, Kirby MG, Feneley MR et al. Screening for 
prostate cancer: a GP based study. Br J Urol 1994, 74, 
64-71. 

13. Oesterling JE. Prostatic rumour markers: preface. Urol 
Clin N Am 1993, 20, xv—xvi. 

14. Albertsen PC. Screening for prostate cancer is neither 
appropriate nor cost-effective. Urol Clin N Am 1996, 
23, 521-30. 

15. American College of Physicians. Screening for prostate 
cancer. Ann Inter Med 1997, 126, 480. 


le. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


Prostate cancer in the elderly 


Barry MJ et al. Should Medicare provide reimbursement 
for prostate-specific antigen testing for carly detection 
of prostate cancer? Part II: Management strategies and 
outcomes. Urology 1995, 46, 277-89. 

Coley CM et al. Early detection of prostate cancer. Part 
I: Prior probability and effectiveness of tests. Ann Inter 
Med 1997, 126, 394-406. 

Oesterling JE, Cooner WH, Jacobson SJ et al. Influence 
of patient age on the scrum PSA concentration. An 
important clinical observation. Urol Clin N Am 1993, 
20, 671-80. 

Kirk D. Prostate cancer in the elderly. Eur J Surg Oncol 
1998, 24, 379-83. 

Flemming C, Wasson JH, Albertsen PC et al. A decision 
analysis of alternative treatment strategies for clinically 
localized prostate cancer. JAMA 1993, 269, 2650-8. 
Reissig! A et al. Frequency and clinical significance of 
transition zone cancer in prostate cancer screening. 
Prostate 1997, 30, 130-5. 

Brewster SF, Rooney N, Kabala J et al. Fatal anaerobic 
infection following transrectal biopsy of a rare prostatic 
tumour. Br J Urol 1993, 72, 977-8. 

Rabrani F, Stcroumbakis N, Kaya BR et al. Incidence 
and clinical significance of false-negative sextant prosta- 
tic biopsies. J Urol 1998, 159, 1247-50. 

Kanamaru H, Arai Y, Moroi $ et al. Long-term results 
of definitive treatment in elderly patients with localized 
prostate cancer. Int J Urol 1998, 5, 546-9. 

Albertsen P. Prostate disease in older men: 2. Cancer. 
Hosp Pract 1997, 15, 159-76 

Murphy GP, Natarajan N, Pontes JE. The national survey 
of prostate cancer in the United States by the American 
College of Surgeons. J Urol 1982, 127, 928-34, 

Mettlin C, Littrup P, Kane RA. Relative sensitivity and 
specificity of serum prostate specific antigen (PSA) level 
compared with age reference PSA, PSA density and PSA 
change. Cancer 1994, 74, 1615-20. 

Bennett CL, Greenfield S, Aronow H et al. Patterns of 
carc related to age of men with prostate cancer. Cancer 
1991, 67, 2633-41. 

Smedley HM, Sinnott M, Freedman LS et al. Age and 
survival in prostate carcinoma. Br J Urol 1983, 55, 
529-33. 

Adami HO, Norlen BJ, Malker B et al. Long term sur- 
vival in prostate carcinoma, with special reference to 
age as a prognostic factor. A nation-wide study. Scad J 
Urol Nephrol 1986, 20, 107-12. 

Borec D, Butcher D, Hassancin K et al. Relationship of 
age to hostologic grade in prostate cancer. Prostate 
1990, 16, 305-11. 

Stamey TA, McNeal JE, Freiha FS et al. Morphometric 
and clinical studies on 68 consecutive radical prostatec- 
tomies. J Urol 1988, 139, 1235-41. 

McNeal JE, Bostwick DE, Kindrachuk RA et al. Patterns 
of progression in prostate cancer. Lancet 1986, 1, 60-3 
Walsh PC, Lepor HL. The role of radical prostatectomy 
in the management of prostate cancer. Cancer 1987, 60, 
526-37. 

Dearnaley D. The way ahead for radiotherapy in 
prostate cancer. In: New perspectives in prostate cancer 
(ed. A Beldegrun, RS Kirby, RTD Oliver). Isis Medical, 
Oxford, 1998, 215-26. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


349 


Jacobi GH. Hormonal treatment of metastatic carci- 
noma of the prostate. In: The prostate (ed. JM 
Fitzpatrick, RJ Krane). Churchill Livingstone, 
Edinburgh, 1989, 389-99. 

Samet J, Hunt WC, Key C et al. Choise of cancer therapy 
varics with patient age. JAMA 1986, 255, 3385-90. 
Chodac GW, Thisted RA, Gerber GS et al. Results of 
conservative management of clinically localized prostate 
cancer. N Engl J Med 1994, 330, 242-8. 

Johansson JE et al. Fifteen-year survival in prostate 
cancer: a prospective population-based study in Sweden. 
JAMA 1996, 277, 467-71. 

Albertsen PC et al. Long-term survival among men with 
conservatively treated localised prostate cancer. JAMA 
1995, 274, 626-31. 

Kerr L, Zincke H. Radical retropubic prostatectomy for 
prostate cancer in the elderly and the young: complica- 
tions and prognosis. Eur Urol 1994, 25, 305-12. 
Lu-Yao GL et al. Follow-up prostate cancer treatments 
after radical prostatectomy: a population based study. 
J Natl Cancer Inst 1996, 88, 166-73. 

Christopher K, Payne, Joseph W et al. Genitourinary 
problems in the eldely. Surg Clin N Am 1994, 74, 
401-29, 

Huguenin PU, Bitterli M, Lutolf UM et al. Localised 
prostate cancer in elderly patients. Outcome after radia- 
tion therapy compared to matched younger patients. 
Strablenther Onkol 1999, 175, 554-8. 

Olmi P, Ausili-Cefaro G. Radiotherapy in the elderly: a 
multicentric prospective study on 2060 patients referred 
to 37 Italian therapy centers. Rays 1997, 22 (Suppl), 
53-6. 

Hanks GE, Hanlon A, Owen JB et al. Patterns of radia- 
tion treatment of elderly patients with prostate cancer. 
Cancer 1994, 74 (Suppl), 2174-7. 

Soffen EM, Hanks GE, Hunt M et al. Conformal static 
field radiation therapy treatment of early prostate 
cancer versus non-conformal techniques: a reduction in 
acute morbidity. Int J Radiat Oncol Biol Phys 1992, 24, 
485-8. 

Epstein B, Peter R, Martin E et al. Low comlication rate 
with conformal radiotherapy for cancer of the prostate. 
Radiother Oncol 1992, 24 (Abstacr), 394. 

Hanks GE, Perez CA, Kozar M et al. PSA confirmation 
of cure aye 10 years of the TAB, T2, NO, MO prostate 
cancer patients treated in TOG protocol 7706 with 
external beam irradiation. Nit J Radiate Once Boil Phys 
1994, 30, 289-92. 

Hanks GE, Hanlon A, Schultheiss TE et al. Early 
prostate cancer: the national results of radiation treat- 
ment from the Patterns of Care and RTOG studies with 
prospects of improvement with conformal radiation and 
adjuvant androgen deprivation. J Urol 1994, 152, 
1775-80. 

Geinitz H, Zimmermann FB and Molls M. 
Radiotherapy of the elderly patient. Radiotherapy toler- 
ance and results in older patients. Strablenther Onkol 
1999, 175, 119-27. 

Prostate Cancer Trialists Collaborative Group. 
Maximum androgen blockade in advanced prostate 
cancer: an overview of 22 randomized trials with 3283 
deaths in 5710 patients. Lancet 1995, 346, 265-9. 


350 


53. 


54. 


55. 


Prostate cancer 


Huggins C, Hodges CV. Studies in prostate cancer. 1. 
The effect of castration of oestrogen and of androgen 
injection on scrum phosphatases in metastatic carci- 
noma of the prostate. Cancer Res 1941, 1, 293-7. 
Crawford ED, Eisenberger MA, McLeod DG et al. A 
controlled trial of leuprolide with and without flutamide 
in prostatic carcinoma. New Engl | Med 1989, 321, 
419-24, 

Nesbit RM, Baum WC. Endocrine control of prostate 
cancer. Clinical survey of 1818 cases. JAMA 1950, 143, 
1317-20. 


56. 


57. 


58. 


Beynon L.L, Chisholm GD. The stable state is not an 
objective response in hormone-escaped prostate carci- 
noma of the prostate. Br J Urol 1984, 56, 733-6. 
Cherny NI, Foley KM. Management of pain associated 
with prostate cancer. In: Principles and practice of geni- 
tourinary oncology (ed. D Raghaven, HI Scher, SA 
Leibel et al.). Lippincott-Raven, Philadelphia, 1997, 
613-27. 

Paul AB, Love C, Chisholm GD. The management of 
bilateral ureteric obstruction and renal failure in 
advanced prostate cancer. Br J Urol 1994, 74, 642-5. 


Section VI 


26| Quality of life of prostate cancer patients 


Fernando Calais da Silva 


Introduction 


In the past 10 years, the world has seen a rapid expan- 
sion of interest in health-related quality of life among 
patients with adenocarcinoma of the prostate. Driven 
by patients, clinicians, and researchers, this interest has 
led to increase of both the public awareness and the 
research funding. As medical science has advanced in 
prostate cancer, diagnosis is made earlier in the course 
of disease. Treatments have heen improved, refined, 
and innovated; however, prostate cancer-related mor- 
tality remains high in the Western world, Controversy 
continues to surround all of the fundamental clinical 
questions in prostate cancer, including whether to 
screen the gencral population, whether and how 
to treat patients with carly stage tumors, and how to 
manage those with advanced disease. Traditionally, the 
primary endpoints in most treatment evaluations have 
been cure and survival, but the use of ‘medical’ out- 
comes and the worldwide effort to contain the rising 
costs of care have underscored the importance of 
patient-centered outcomes, such as quality of life in 
prostate cancer. Health-related quality of life can even 
be a robust predictor of mortality in patients with 
prostate cancer. Contemporary interpretations of 
health-related quality of life (HRQOI.) are based on 
the World Health Organization’s definition of health as 
not merely the absence of diseasc, but a state of physi- 
cal, emotional, and social well-being (1). HRQOL 
encompasses a wide range of human expericnce, 
including the daily necessities of life, such as food and 
shelter, personal and interpersonal responses to illness, 
and activities associated with professional fulfillment 
and personal happiness (2). HRQOL also encompasses 
the overall sense of satisfaction that an individual expe- 
riences in life (3). Most importantly, HRQOL involves 
patients’ own perceptions of their health and ability to 
function in life. HRQOL is often confused with physi- 


cal functional status (4). While physical function repre- 
sents an important component of disease and treat- 
ment-related side-effects, equally important dimensions 
of HRQOL also include role function, vitality, mental 
health, and social interactions. Morbidity applies to 
specific complications, but HRQOL opens a wider 
umbrella to include the bother associated with particu- 
lar dysfunctions, any impact on normal functions or 
social roles, and a composite of other psychosocial 
domains. The impact of HRQOL on therapeutic deci- 
sion-making is now considered so important that some 
investigators consider a clinical cancer trial to be 
incomplete in the absence of HRQOL. assessment (5, 
6). HRQOL can even be a robust predictor of mortal- 
ity in patients with prostate cancer (7). In broad terms, 
HRQOL may be conceived as the quotient of an indi- 
vidual’s actual status over his or her expected status. 
For example, to the degree that a prostate cancer 
patient’s impotence is expected, not bothersome, and 
not intrusive into his life or self-image, it does not 
impact his HRQOL. Conversely, a patient who is 
highly focused on his expectations of good erectile 
function after therapy may perceive even the slightest 
decrement as having a powerful effect on his quality of 
life (8). It is axiomatic that HRQOL applies to a 
patient’s own self-perception, regardless of how he may 
be assessed by his family, friends, or physicians. 


HROOL instruments 


HRQOL instruments must have the fundamental prop- 
erties of reliability, validiry, and responsivencss (9). 
Reliability refers to how reproducible the scale is. 
Test-retest reliability is a measure of response stability 
over time. It is assessed by administering scales to sub- 
jects, at two time points, typically 1 month apart. 
Correlation coefficients between the two scores reflect 
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the stability of responses. Internal consistency reliabil- 
ity measure the similarity of an individual’s responses 
across several items, indicating the homogeneity of a 
scale. The statistic used to quantify the internal con- 
sistency, or unidimensionality, of a scale is called 
Cronbach’s coefficient alpha (10). Generally, accepted 
standards dictate that reliability statistics measured by 
these two methods should exceed 0.70 (11). 

Validity refers to how well the scale or instrument 
measures the attribute it is intended to measure. 
Content validity, sometimes referred to as face validity, 
involves qualitative assessment of the scope, complete- 
ness, and relevance of a proposed scale (12). Criterion 
validity is a more quantitative approach to assessing 
the performance of scales and instruments. It requires 
the corrclation of scales scores with other measurable 
health outcomes (predictive validity) and with results 
from established ‘gold-standard’ tests. (concurrent 
validity). Generally accepted standards also dictate that 
validity statistics should exceed 0.70 (13). Construct 
validity, perhaps the most valuable assessment of a 
survey instrument, is a measure of how meaningful the 
scale or survey instrument performs in a multitude of 
settings and populations over a number of years. 
Construct validity comprises two other forms of valid- 
ity: convergent and divergent. Convergent validity 
implies that several different methods for obtaining the 
same information about a given trait or concept 
produce similar results. Divergent validity means that 
the scale does not correlate too closely with similar but 
distinct concepts or traits. 

Responsiveness of a HRQOL instrument refers to 
how sensitive the scales are to change over time. That 
is, a survey may be reliable and valid, but it must also 
be able to detect meaningful improvements or decre- 
ments in quality of life during longitudinal studies. The 
instrument ‘reacts’ in a time frame that is relevant for 
patients over time. 

HRQOL. instruments may be general or disease- 
specific. General HRQOL domains address the compo- 
nents of overall well-being, while disease-specific 
domains focus on the impact of particular organic dys- 
functions that affect HRQOL(14). 

When studying quality of life for clinical or research 
purposes, it is preferable to use published instruments 
that have been previously validated in the relevant pop- 
ulation. In general, one should avoid extracting single 
items or scales from different instruments to construct 
a new one unless they have been independently psycho- 
metrically validated. The development and validation 
of a new HRQOL instrument is an arduous task. 


Prostate cancer 


Hence, investigators should first examine existing 
instruments to determine if they adequately capture the 
domains of interest before developing a new in- 
strument. Because of the well-documented impact of 
malignancies and their treatment on HRQOL, cancer- 
specific quality of life also has been investigated exten- 
sively. Numerous instruments have been developed and 
tested that measurc the special impact of cancer on 
patients’ routine activitics. Examples include the 
Cancer Evaluation Rehabilitation System Short Form 
(CARES-SF) (15, 16), the Functional Assessment of 
Cancer Therapy (FACT) (17), and the European 
Organization for the Research and Treatment of 
Cancer Quality of Life Questionnaire (EORTC QILLQ- 
C30) (18). Each has been validated and tested in 
patients with various types of cancer. 

The EORTC QLQ-C30 was designed to measure 
cancer-specific HRQOL. in patients with a varicty of 
malignancics. Its 30 items address domains that are 
common to all cancer patients. The questionnaire 
includes five general scales (physical, role, emotional, 
cognitive, and social functioning) a global health scale, 
three symptom scales (fatigue, nausea/vomiting, and 
pain), and six single items concerning dyspnea, insom- 
nia, appetite loss, constipation, diarrhea, and financial 
difficulties due to the disease. The FORTC QI.Q-C30 
does not include domains specific to prostate cancer, 
but it has performed well in this population (19). 
Discase-specific modules for cancers of the breast, and 
head and neck (20, 21), have been developed according 
to methodologically rigorous techniques, 

Another HRQOL disease-specific instrument, 
presently under investigation, is the prostate cancer 
module of the EORTC QLQ-C30. Researchers devel- 
oped this module to be used in conjunction with the 
EORTC QLQ-C-30 as a measure of disease-specific 
HRQOL in prostate cancer. Its 20 items include bowel, 
urinary, and sexuality symptom scales and are reliable 
and valid in men with localized (22, 23) or metastatic 
(24) prostate cancer. Its transformed scales are scored 
from 0 to 100 with higher scores representing worse 
outcomes in functional status domains. 

For the localized, theoretically curable stages of pro- 
static cancer most literature has dealt with treatment- 
induced toxicity. Radical prostatectomy has historically 
led to sexual impotence in nearly all patients and to 
urinary incontinence in 30% (25). New operative tech- 
niques have decreased these percentages considerably 
(26), making radical prostatectomy a more acceptable 
treatment option. The principle side-effects following 
irradiation of the prostate are frequency, dysuria, diar- 
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rhea, and abdominal pain, seen in 10-30% of patients 
(27-29). Much of this toxicity can be avoided by the 
use of computed tomography-based radiation planning, 
optimal shielding techniques, and proper selection of 
the target dose. Definitive radiation treatment may also 
lead to decreased sexual function in 20-30% of 
patients (30). 

The EORTC Genitourinary Tract Cancer Co- 
operative Group, in co-operation with the EORTC 
Study Group on quality of life, designed a study to 
evaluate the quality of life in patients with metastatic 
prostatic carcinoma (31). This is a randomized phase- 
TII study comparing the therapeutic effect of orchicc- 
tomy vs. a luteinizing hormone-rcleasing hormone 
(LHRH) analog depot preparation and flutamide. The 
primary endpoints of the trial are the incidence and 
duration of response, time to progression, and overall 
survival. In an optional study in the overall analysis, 
which is reported here, a 30-item questionnaire was 
developed to assess the relative impact of these two 
therapies on the daily lives of the patients. 

A total of 22 institutions entered 327 patients into 
the study (EORTC protocol 30853), all of whom had 
metastatic prostatic cancer and had not received prior 
treatment. Patients were randomized to receive either 
orchiectomy or an LHRH analog depot preparation 
(goserelin acetate, 3.6 mg s.c. every 4 weeks) and 
flutamide (250 mg t.i.d.). 

The patients were asked during pretreatment and at 
each follow-up visit to fill in a 30-item quality-of-life 
questionnaire. Paramcters evaluated included personal 
functioning (A self-report scale of physician-rated per- 
formance status), social role functioning, physical 
symptoms of prostate cancer (dysuria, frequency, 
hematuria, and metastatic pain), fatigue and malaise, 
sleep-disturbance psychological distress, sexual dys- 
function, and disruption of social life. Most of the 
items and scales composing the questionnaire have 
been used in previous EORTC trials and have estab- 
lished levels of validity and reliability (32). 

The doctors completed EORTC clinical forms, 
including clinical findings and biochemical and radio- 
logical results, before treatment and then every 3 
months. The doctors’ evaluation of the patients’ per- 
formance status was according to the WHO guide- 
lines, as either no impairment, slight impairment but 
ambulatory, less than 50% confined to a bed or a 
chair, more than 50% confined to a bed or a chair, or 
completely confined to a bed or a chair and help 
required for basic daily functions. Pain level was 
scored as cither no analgesics, non-narcotic analgesics 
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used irregularly, non-narcotic analgesics used regu- 
larly, narcotic analgesics used irregularly, or narcotic 
analgesics used regularly. 

Only 23% of the 327 patients underwent the pre- 
treatment quality-of-life assessment. With this limited 
sample size, we could only tentatively draw conclusions 
about the key questions highlighted by the analysis 
of these questionnaires. There was considerable non- 
compliance in completion of the questionnaires. 
Completion, however, was optional and represented 
the EORTC Genitourinary Group’s first attempt to 
assess quality of life in patients with prostate cancer. At 
the start of the trial, most of the urologists were unfa- 
miliar with systematic assessment of patient quality of 
life. Consequently, few clinicians werc willing to regu- 
larly make the effort needed; they probably did not feel 
confident that this type of assessment would provide 
any valuable information to add to that obtained from 
the clinical, biochemical, and radiologica! evaluations. 
The limited number of patients makes it difficult to 
analyze psychological aspects. The questionnaires had 
no personal questions about quality of life (such as 
‘How would you rate your overall quality of life?’), but 
did include four questions about psychological well- 
being. The questions were ‘Did you feel tense?’; ‘Did 
you feel irritable?’; ‘Did you worry?’; and ‘Did you feel 
depresscd?’. The score derived from the answers to 
these four questions was used to evaluate the overall 
quality of life. 

A simple correlation analysis (Pearson’s correlation 
coefficient) revealed that some domains were particu- 
larly well-correlated with quality of life in patients with 
prostate carcinoma (Table 26.1). Fatigue and reduced 
social and sexual life all played important roles in the 
overall psychological well-being of these (previously 
untreated) paticnts with prostate cancer, confirming 
that the patient’s assessment was a better monitor of 
quality of life. No significant correlations were found 
between psychological well-being and the physician’s 
assessment of performance status and pain. 

Our reluctance to use self-administered question- 
naires to assess subjective morbidity was related to the 
lack of validity and reliability of previously used tools. 
However, clinicians, psychologists and sociologists 
have developed questionnaires that, although still not 
completely satisfactory, can assess subjective morbidity 
and quality of life from the patient’s point of view in a 
valid manner. It has been shown that clinically worth- 
while and valid information can be obtained from 
patient questionnaires during the treatment of 
hormone-resistant prostatic carcinoma (33). 
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Table 26.1 
prostate cancer 


Prostate cancer 


Correlation coefficients (r) between overall psychological well-being and other domains of quality of life in 


Doctor assessment 


Performance status (WHO) 0.113 
Pain 0.024 
Fatigue ND 
Reduced social life ND 
Reduced sexual life ND 
Urological problems ND 
Reduced professional life ND 


Patient assessment 


P T P 
0.360 ND ND 
0.844 0.190 0.124 
ND 0.406 < 0.001 
ND 0.430 < 0.001 
ND 0.362 0.003 
ND 0.280 0.021 
ND 0.285 0.023 


ND: nor determined; WHO: World Health Organization. 


Our results were consistent with those from another 
EORTC study (protocol 30865) (34) showing large 
variations between the patients’ and the physicians’ 
evaluations of performance status and sexual status 
(potency). Our data on performance status and potency 
support the view that these parameters should be eval- 
uated by the patients, and that the information relevant 
to quality of life is insufficient when obtained directly 
in the clinic by the physician. This observation may 
have significant therapcutic consequences. If the 
patients’ complaints are not adequately recognized, 
they may not be treated appropriately. Furthermore, 
underestimation of patient symptoms by the doctor 
may cause patient dissatisfaction with the health 
service. Finally, we recommend the development of a 
better scoring system for the physician’s evaluation of 
pain. Simply recording the use of analgesics, their type 
and their doses, is not sufficient, since it docs not indi- 
cate whether or not the treatment achieved satisfactory 
pain relief. Furthermore, self-administercd question- 
naires for this type of patients should be simple and 
short, but nevertheless contain significant and relevant 
questions to cnable assessment of subjective morbidity. 


Conclusions 


Quality-of-life assessment obtained by self-adminis- 
tered questionnaires, represents a feasible approach, 
also providing a mean of evaluating the bencfits of 
treatment in prostate cancer. However, an important 
condition for the successful application of quality-of- 
life assessment in clinical trials of prostatic carcinoma 
is the clinician’s interest in quality-of-life research. We 
believe that quality-of-life assessment should become a 
mandatory part of clinical trials in prostate cancer. 


Furthermore, data collection must be achieved using 
valid and reliable methods, which allow interstudy 
comparisons. When designing the questionnaire, 
aspects of feasibility must be considered, especially for 
multicenter studies. The EORTC approach, using a 
general quality-of-life questionnaire supplemented by 
disease-specific and treatment-specific questions, seems 
to represent a reasonable way of performing quality-of- 
life research in multicenter trials. This strategy, plus the 
questionnaires currently used, are still under investiga- 
tion and must be re-evaluated regularly. 
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27| Palliative care for prostate cancer 


patients 


Kevin J. Harrington and Konstantinos N. Syrigos 


Introduction 


The term palliative care is often seen as being synony- 
mous with the treatment of patients in the terminal 
phase of a disease process, usually cancer. However, 
this narrow definition fails to embrace adequately the 
wide variety of clinical scenarios that can justifiably be 
included under this heading. It is more useful to con- 
sider palliative care as the specific treatment given to 
patients with incurable disease with the aim of relieving 
disease-related symptoms and promoting physical, psy- 
chological, and spiritual well-being. In the arena of 
malignant disease, palliative care legitimately includes 
such active therapeutic maneuvers as surgery, 
chemotherapy, and radiotherapy, as well as the more 
widely recognized palliative therapies such as pain 
relief. Many patients present with disease that is too 
advanced to allow for the possibility of cure, and 
others may have concomitant medical conditions, 
which preclude the use of aggressive therapy that 
might, under different circumstances, have offered the 
chance of a cure. In these patients, the aim of treatment 
from the very outset is to achieve symptom palliation 
and, if possible, prolongation of their lives. Therefore, 
palliative care of patients with cancer is a challenging 
and diverse discipline in which palliative-care physi- 
cians, oncologists, and surgeons can play an important 
part. In addition, the involvement of a variety of 
healthcare professionals including nurses, social 
workers, counsellors, physiotherapists, and occupa- 
tional therapists as part of a multi-disciplinary team 
allows important psychosocial issues to be addressed as 
part of the overall care package. 

In patients with prostatic cancer, failure to achieve a 
cure results mainly from the occurrence of distant 
metastatic disease, although in a significant proportion 
of patients local pelvic disease remains uncontrolled or 
recurs. During the course of such patients’ illnesses, a 
wide variety of manifestations of the discase may arise, 


both locally in the pelvis and at more distant sites. In 
this chapter, an attempt will be made to review the 
most frequently encountered clinical situations and to 
give guidelincs as to their most appropriate manage- 
ment. Those problems common to patients with a 
number of different tumor types will be reviewed ini- 
tially, followed by a detailed discussion of problems 
more commonly related to prostate cancer. 


General symptoms of cancer 


Pain 


Pain is defined as an unpleasant sensory and emotional 
experience associated with actual or potential damage 
or described in terms of such damage (1). It is the most 
feared symptom of cancer and occurs at some time in 
the majority of patients. Many patients avoid telling 
their carers about new or increasing pain because they 
tear that it may signify recurrent or progressive discase. 
This can represent a considerable obstacle to the accu- 
rate diagnosis and treatment of cancer-related pain. 
However, with appropriate assessment and therapy, 
cancer-related pain can be successfully controlled in 
most patients (2). 

Careful diagnosis of the cause of each individual 
pain and selection of the most appropriate class of 
analgesic medication lies at the heart of successfully 
controlling pain due to malignant disease. Evaluation 
of pain should begin with an complete pain history, 
including the site, speed of onset, quality, radiation, 
and modifying factors, including the effect of previous 
analgesic medication. In addition, the impact of the 
pain on the patient’s activitics of daily living should be 
assessed, Certain distinct types of pain can be recog- 
nized by their specific clinical features (e.g. burning or 
shooting pains duc to nerve compression or infiltra- 
tion) (Table 27.1). Once these details are known, it is 
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Table 27.1 
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Cancer-related pain: type of pain and associated symptoms 


Type of pain 


Nerve compression or invasion 


Bone metastases 


Obstruction of hollow viscus 


Capsular/fascial stretch 


Associated symptoms 


Continuous ache 

Burning or stinging 

Episodic stabbing (Jancinating) pain 
Hyperesthesia/anesthesia 
Continuous ache 


Worsened by movement 
Sudden increase with pathological fracture 


Intermittent 
Colicky/cramping 


Continuous dull ache 
Associated tenderness over the organ 


possible to make a decision regarding the most appro- 
priate analgesic medication and adjuvant therapy that 
should be prescribed. 


The WHO analgesic ladder 


The WHO analgesic ladder is a well-established and vali- 
dated approach to the treatment of cancer-related pain 
(Table 27.2). The recommendations that it makes are 
that analgesic medication is administered by mouth (if 
possible), regularly, and according to an escalating 
response to the pain (‘by mouth, by the clock, by the 
ladder’). There are three rungs to the analgesic ladder 
and the appropriate response to failure to control pain 
with medication from one level is to move up the ladder 
to a higher level rather than to prescribe a different drug 
at the same analgesic level. In addition to the conven- 
tional analgesic drugs, a number of adjuvant drugs are 
available, which can be useful in controlling atypical 
pain. If these general guidelines are followed, pain can be 
adequately controlled in up to 90% of cases.(2) 


Level 1 

Drugs in this level are the non-opioids. The most com- 
monly used drugs in this class are paracetamol, aspirin, 
and the non-steroidal anti-inflammatory drugs 


Table 27.2 The World Health Organization analgesic 
ladder 


Non-opioid +/- adjuvant therapy 

Weak opioid and non-opioid +/- adjuvant 
therapy 

Strong opioid and non-opioid +/- adjuvant 
therapy 


First level 
Second level 


Third level 


(NSAIDS), which, in addition to their analgesic proper- 
ties, may benefit symptoms by modifying the inflamma- 
tory response. When prescribing NSAIDs to patients 
with prostate cancer, it is important to ask about 
symptoms of dyspepsia or a prior history of peptic 
ulcer discase, in which case a prophylactic H,-receptor 
antagonist (e.g. cimetidine or ranitidine) should also be 
prescribed. Drugs at this level of the analgesic ladder 
are useful in controlling mild to moderate pain (espe- 
cially related to bone metastases) but, in patients with 
advanced disease, their main role is in conjunction with 
weak or strong opioid medication. 


Level 2 

Drugs at this level are the weak opioid analgesics, such 
as codeine, dihydrocodeine, and dextropropoxyphene. 
These agents are effective against moderately severe 
pain, which is not controlled by simple analgesics 
and/or NSAIDS. They should be used at full doses and 
as regular medication before they can be considered to 
have failed. 


Level 3 

Drugs at this level are the strong opioids, of which 
morphine is the drug of choice (2). Oral morphine is 
available in a number of different preparations aimed 
at facilitating the use of this drug. In the initial phase of 
converting a patient from a weak opioid to a strong 
opioid, it is preferable to prescribe an instant release 
formulation thar ensures rapid delivery of pain control. 
Such preparations include oramorph liquid and 
sevredol tablets. The usual starting dose of these agents 
is 10 mg every 4 h. It is extremely important to re- 
inforce the fact that the medication should be taken 
regularly and that the selected dose is simply a starting 


360 


level and that there is scope for altering the dose to 
tailor the delivery of analgesia to the individual needs 
of the patient. Furthermore, at this stage the patient 
should be told that if the pain persists or returns before 
the 4-h interval, he can take extra doses of morphine 
(so-called breakthrough doses), which should be the 
same as the 4-h regular doses. If the starting dose of 
morphine has failed to control the pain after 24 h, the 
regular 4-h doses should be increased (e.g. doubled), as 
should the breakthrough doses. Using this approach, if 
the pain is opiate-responsive, it should be possible to 
arrive at a dose of morphine that controls the pain 
within a relatively short space of time. A stable dose of 
morphine can be defined as one that controls pain for 
two consecutive days with only two breakthrough 
doses needed in each 24-h period. Once pain control 
has been stabilized, it is possible to convert the mor- 
phine prescription to a sustained-release preparation, 
which can be given once or twice daily. This is 
achieved by assessing the 24-h requirement of the 
instant-relief morphine preparation and converting on 
a 1:1 basis to a sustained-release preparation, such as 
MST Continus®, MXL®, and Morcap® SR, and 
oramorph® SR. For example, a patient requiring 
120 mg of instant-release oramorph could be treated 
with MST Continue 60 mg twice daily or MXL 
120 mg once daily. 

When prescribing morphine for the first time, it is 
important that the patient is made aware of the possible 
side-effects of the drug and given appropriate medica- 
tion to ameliorate such reactions, otherwise, there is a 
serious risk that the patient will take insufficient 
amounts of the drug and will suffer unnecessary uncon- 
trolled pain and anxiety. Constipation, which may be 
severe, is almost invariable with the doses of morphine 
employed in a palliative setting. Importantly, this effect 
of the drug is not subject to tolerance and, therefore, 
will persist for as long as morphine is prescribed. 
Therefore, patients should be prescribed prophylactic 
laxatives with the aim of increasing bowel motility (e.g. 
senna, bisacodyl) and softening the stool (e.g. docusate 
sodium). Bulk-forming (e.g. ispaghula husk) and 
osmotic (e.g. lactulose) laxatives should not be used 
routinely in the prophylaxis of opiate-induced constipa- 
tion. In patients with intractable opiate-induced consti- 
pation, oral naloxone may occasionally be of benefit 
(3). Naloxone does not antagonize the analgesic effects 
of morphine but is able to attenuate its local action 
on gastro-intestinal motility. Nausea and vomiting, 
induced by stimulation of the chemoreceptor trigger 
zone, are relatively common in the first few days of 
morphine therapy, occurring in approximately 30% of 
patients (4). This unpleasant side-effect often abates 
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spontaneously within the first week of treatment, with 
or without short-term use of anti-emctic medication 
(e.g. metoclopramide 10 mg thrice daily, haloperidol 
1-2 mg at night). Occasionally, opiate-sensitive patients 
may require more prolonged use of prophylactic anti- 
emctics. Rarely, a patient may be unable to tolerate 
morphine despite the above measures, in which case a 
trial of an alternative opiate is indicated. Many patients 
experience sedation as an early side-effect of morphine 
medication, an effect that can be exacerbated by alcohol 
consumption. Therefore, patients should be warned of 
the risks of driving or operating heavy machinery in this 
situation. The sedative effect of morphine usually tends 
to wear off after the first week of treatment. Orher 
adverse effects of morphine include xerostomia in 
approximately 40% of patients (5), urinary retention in 
approximately 5% (6) and myoclonic jerks in patients 
receiving high doses of the drug. 

In addition to morphine, there are a number of alter- 
native opiate drugs. These agents are generally used 
when the patient is unable to tolerate oral morphine or 
when administration by a different route (subcuta- 
neous, transdermal, rectal) may improve efficacy and 
compliance. The most commonly used of these drugs is 
diamorphine. This drug is often used by the subcuta- 
neous route (usually as a continuous infusion via a 
syringe driver) when patients are unable to receive 
morphine by mouth because of nausea and vomiting, 
dysphagia, general debility, or unconsciousness. This 
situation is a typical feature of the final days or hours 
of a patient’s life. Diamorphine is a very convenient 
agent to use because of its high solubility and compati- 
bility with other agents, which can be administered 
concomitantly in the same syringe driver. When con- 
verting a patient trom oral morphine to subcutaneous 
diamorphine, a conversion factor of 3:1 applies, i.e. 
3 mg of morphine is equivalent to 1 mg of diamor- 
phine. Other alternative opiates include fentanyl, which 
can be delivered by transdermal patch, phenazocine, 
which can be useful in patients who are morphine intol- 
erant, and dextromoramide, which can be useful as a 
short-acting analgesic when patients are undergoing 
unpleasant procedures such as regular dressing changes. 


Nausea and vomiting 


This distressing symptom occurs in up to 50% of 
patients with advanced cancer. The ctiology of nausea 
and vomiting in this group of patients is often complex 
and may include factors relating to progression of the 
primary disease and its metastatic spread or the conse- 
quences of therapeutic manuevers aimed at treating the 
disease or disease-related symptoms (Table 27.3). 
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Table 27.3 Causes of nausca and vomiting in patients with 
advanced cancer 


1. Metabolic derangement 
Hypercalcemia 
Uremia 
Hepatic failure 

2. Drug-induced 
Cytotoxic chemotherapy 
Opiates (strong > weak) 

3. Radiotherapy 
Abdomino-pelvic radiotherapy 
Cranial radiotherapy 

4, Gastro-intestinal disturbance 
Bowel obstruction 
Constipation 
Gastric stasis 

5, Central nervous system metastases 
Intracranial metastases 
Carcinomatous meningitis 

6. Pain 

7. Anxiety and fear 


Vomiting may be induced by a number of stimuli 
acting at different receptor sites, both in the brain and the 
periphery. The chemoreceptor trigger zone, which lies in 
the region of the area postrema, lies outside the 
blood-brain barrier and is, therefore, exposed to circulat- 
ing toxic agents. The vomiting centre lies within the 
blood-brain barrier and may be stimulated directly 
(e.g. cranial irradiation) or through signals from higher 
cortical centres or from vagal afferents from the gastro- 
intestinal and genito-urinary tracts. Direct stimulation of 


Table 27.4 Commonly prescribed anti-emetic medication 


peripheral receptors, including those in the gastric 
antrum, can lead to stimulation of vagal afferents and 
release of mediators of vomiting directly into the blood- 
stream. The complexity of the whole system is increased 
further by the wide range of interconnections of neural 
pathways within the brain. One such connection to the 
so-called higher centers has a significant effect on the 
response of individuals to emetogenic stimuli. As yet, the 
detailed mechanisms underlying the causation of nausea 
and vomiting remain unclear, despite considerable 
improvements in knowledge in recent times. 

The management of nausea and vomiting should be 
based initially on an attempt to define a reversible 
cause, metabolic disturbance, intestinal 
obstruction, or cerebral metastases. Specific treatment 
aimed at the individual cause may alleviate rhe symp- 
toms without recourse to anti-cmetic therapy. For 
example, patients with malignant hypercalcemia 
usually respond well to rehydration and treatment with 
intravenous bisphosphonates. Similarly, the use of 
high-dose steroids and whole-brain irradiation (see 
below) can often relieve nausea and vomiting due to 
cerebral metastases and raised intracranial pressure. 

If a specific cause can not be pinpointed, as is often 
the case, treatment with anti-cmetic medication should 
be commenced immediately. A large number of drugs 
from different pharmacological classes (anti-dopamin- 
ergic, anti-cholinergic, anti-histaminergic, anti-sero- 
toninergic, and cannabinoids) will prevent nausea and 
vomiting. Some examples are provided in Table 27.4, 


such as 


Class of Drug Examples 


Anti-dopaminergic © Mctoclopramide 


Dose and route of administration 


10 mg t.i.d.; p.o., s.c., i.v. 


Specific uses 


Gastric stasis 


30 mg over 24 h via s.c. syringe driver 


© Domperidone 


10-20 mg t.i.d.; p.o. 


Gastric stasis 


30-60 mg t.i.d.; p.r. 


e Haloperidol 


1.5-3.0 mg o.d.; p.o., S.C., i.v. 
3-10 mg over 24 h via s.c. syringe driver 


Opiate-induced nausea 
Bowel obstruction 


Anti-histaminergic 


Anti-SHT, 


Anticholinergic 


Steroid 


Cannabinoid 


è Prochlorperazine 


© Methotrimeprazine 


© Cyclizine 


e Ondansetron 
e Granisetron 


e Hyoscine 


*® Dexamethasone 


e Nabilone 


5-10 mg t.i.d.; p.o., p-r. Vertigo 

3-6 mg b.i.d.; buccal. 

6.25-12.5 mg o.d./b.i.d.; p.o., s.c. Sedative 
12.5-150 mg over 24 h via s.c. syringe driver Bowel obstruction 
50 mg t.i.d.; p.o., S.C., iv. Vertigo 


150 mg over 24 h via s.c. syringe driver 

4-8 mg b.i.d.; p.o., i.v. 

1 mg b.i.d.; p.o. 

3 mg o.d.; i.v. 

400 yg t.i.d.; s.c. 

500 yg q 3 days; transdermal 

600-1200 ug over 24 h via s.c. syringe driver 
2-8 mg b.i.d.; p.o., i.v., $.c. 

4-16 mg over 24 h via s.c. syringe driver 

1-2 mg b.i.d.; p.o. 


Bowel obstruction 


Drug-induced nausea 


Bowel obstruction 


Bowel obstruction 


Brain metastases 


Hepatic capsular stretch 
Drug-induced nausea 
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along with general guidelines to appropriate dose and 
frequency of administration. 

As in the case of analgesic medication, the preferred 
route of administration should be by mouth. However, 
uncontrolled vomiting can prevent effective dosing and 
many of the agents are available in a range of alterna- 
tive formulations for delivery by other routes, including 
subcutancous, intravenous, rectal, and buccal adminis- 
tration. Subcutaneous infusions of anti-emetics via a 
syringe driver are especially useful in the setting of the 
final days and hours of a patient’s illness when oral 
medication may not be tolerated or accepted. 


Anorexia and weight loss 


Cancer cachexia is a familiar feature of advanced-stage 
disease. Patients are often pitifully thin and literally 
waste away as the disease progresses. Most patients do 
not have a clearly identifiable cause for their anorexia, 
they simply have a markedly decreased appetite and cat 
only small quantities despite encouragement. In some 
patients, direct local tumor progression, leading to 
bowel obstruction or reduced gastric capacity, may be 
responsible. In others, ill-defined changes in the sense 
of taste and smell can lead to an aversion to food and 
drink. Iatrogenic causes include opioid medication, pal- 
liative chemotherapy, and radiotherapy. In the absence 
of an identifiable cause, the syndrome is usually 
ascribed to circulating products from the tumor or 
altercd levels of endogenous cytokines. 

As yet, no specific treatment has been described to 
address this problem. Therapy involves provision of 
appetizing food and drink whenever the patient fecls 
capable of eating it, even if this involves unconven- 
tional menus and mealtimes. Dietctic support with 
high-caloric supplements may be accepted and certainly 
has the benefit of seeming to provide a specific solu- 
tion. Appetite stimulation with progestogens (e.g. 
medroxyprogesterone acetate or megesterol acetate) or 
corticosteroids (dexamethasone) can occasionally be of 
benefit bur the adverse effects are often excessive. 
Despite these measures, most patients with the cancer 
cachexia syndrome will continue to lose weight and 
gradually become bed-bound. Under these circum- 
stances, death usually occurs due to intercurrent infec- 
tion. Enteral (e.g. nasogastric or gastrostomy) or 
parenteral nutrition is entirely inappropriate in such 
patients. 
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Constipation 


Constipation occurs in as many as 50% of patients 
with advanced cancer (7) and can cause severe discom- 
fort. Mis-diagnosis of symptoms such as abdominal 
fullness, loss of appetite, nausea and vomiting, pain, 
diarrhoea, and confusional states can result in subject- 
ing the patient to unnecessary investigations, therapy, 
and physical and mental stress. The unfortunate, but 
not uncommon, situation of a patient with morphine- 
induced constipation being given ever-increasing doses 
of morphine to combat the pain of constipation is one 
that should be avoidable. 

Constipation in paticnts with disseminated malig- 
nant disease can have a number of different causes, 
including dietary changes (e.g. low-residue diet and 
teduced-fluid intake), metabolic derangement (c.g. 
hypercalcemia), drug-induced reduction in bowel con- 
tractility, tumor-induced partial mechanical obstruc- 
tion, and neurogenic constipation in patients with 
spinal cord lesions. In general, the commonest and 
most predictable cause of constipation in patients with 
terminal cancer is the use of medication. The opioid 
analgesics are a frequent cause of constipation, which 
can become severe if adequate doses of appropriate 
laxatives are not prescribed prophylactically (see 
above). Other drugs that can cause constipation 
include drugs with an anticholinergic action, such as 
the tricyclic anti-depressants, hyoscine hydrobromide, 
methotrimeprazinc, and cyclizine. In patients receiving 
constipating drugs, prophylactic laxatives should be 
used regularly rather than waiting for constipation to 
occur and then instituting treatment. In most cases, one 
or two co-danthrusate (danthron 50 mg, docusate 
sodium 60 mg) capsules nocte will suffice, although the 
precise dose required will depend on the dose of the 
constipating agents and may vary widely between dif- 
ferent patients. 

For patients with metabolic derangement, such as 
hypercalcemia, effective treatment with rehydration 
with intravenous fluids (typically 4-6 | over the first 
24-h) and intravenous bisphosphonates, if the calcium 
level is greater than 3.0 mM, can lead to clinical 
improvement in bowel function, However, many of 
these patients will be profoundly constipated and may 
need short-term treatment with laxatives that will 
soften the stool (e.g. docusate sodium) and increase 
bowel motility (e.g. senna). Patients with neurogenic 
constipation due to spinal cord lesions will need 
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regular laxatives, but even with these measures they 
may remain severely constipated. Such patients can 
often be managed successfully by intermittent manual 
evacuation of feces. The management of constipation 
due to bowel obstruction is discussed in the next 
section. 


Bowel obstruction 


Malignant bowel obstruction in patients with prostate 
cancer can occur due to local spread of disease in the 
pelvis, nodal metastatic disease in the pelvis, or 
abdomen or large liver metastases. This clinical sce- 
nario is most common in patients with ovarian and col- 
orectal cancers, but does occur in patients with locally 
advanced prostate cancer. The typical symptoms will 
depend on the level of the obstruction but usually 
include nausca and vomiting, constipation, colicky 
abdominal pain, and abdominal bloating. The obstruc- 
tion usually evolves slowly and the patient may 
describe previous episodes that resolved spontaneously. 
Alternatively, the condition may present as acute bowel 
obstruction with no preceding symptoms. The diagno- 
sis rests with the history, physical examination, and the 
aid of plain abdominal radiographs. Contrast studies 
may be useful in defining the level of obstruction and 
are of particular importance if a palliative surgical pro- 
cedure is contemplated. It must be remembered that 
not all cases of bowel obstruction in patients with 
advanced cancer will be due to the malignant process. 
Patients who have undergone prior abdominal surgery, 
or who have received radical radiotherapy, may 
develop adhesions or benign strictures. 

In most cases of bowcl obstruction in the palliative 
setting, surgical intervention is not appropriate. 
However, patients with a single site of obstruction and 
the option of further palliative anti-cancer therapy may 
benefit from either a defunctioning procedure (e.g. 
defunctioning colostomy or ileostomy) or from excision 
of the obstructed segment and re-anastomosis. Similarly, 
patients with intractable symptoms that can not be con- 
trolled by medical means may be palliated effectively by a 
limited surgical approach. However, this group of 
patients has a poor prognosis and surgical procedures are 
often complicated by infection, anastomotic leak, the 
development of fistulac, and wound complications. 
Therefore, surgery should only be contemplated after 
careful consideration of cach individual case. 
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Table 27.5 Causes of dyspnea in patients with advanced 
cancer 


1. Pulmonary metastases 
Gross metastatic deposits 
Lymphangitis carcinomatosa 
2. Pulmonary emboli 
3. Anemia 
Secondary to hematuria 
Secondary to palliative chemotherapy 
Secondary to bone marrow infiltration 
4. Scrous effusion 
Pleural 
Pericardial 
5. Respiratory infection 
6. Superior vena caval obstruction 
7. Anxiety 


Most patients will be managed successfully by con- 
servative means. The standard approach should be to 
make the patient ‘nil by mouth’ and provide intra- 
venous hydration. The use of a nasogastric tube (drip 
and suck) may be uscful in patients with upper gastro- 
intestinal obstruction and high-output vomiting. 
Nausea and vomiting is relieved by regular anti- 
emcetics, which are best given by the parenteral route, 
usually as a continuous subcutaneous infusion by 
syringe driver. Cyclizine, haloperidol, and hyoscine are 
suitable agents (Table 27.5). The visceral pain of 
obstruction, which is usually a dull ache, along with 
episodes of severe spasm, can gencrally be controlled 
by the use of a level 3 analgesic with or without the aid 
of an anti-spasmodic drug, such as hyoscine. It is 
common to use a continuous subcutaneous infusion of 
diamorphine, titrating the dose upwards to control 
symptoms. All of the drugs that are used to treat this 
condition can be given via a single syringe driver, 
which improves compliance and ease of administration 
for the patient and staff. Where peri-tumor cdema is 
thought to be a contributing factor to the obstructive 
process, the addition of high-dose dexamethasone may 
yield a therapeutic benefit, although the evidence in 
support of this therapy is somewhat anecdotal. 
Constipation may also exacerbate (or even cause) 
bowel obstruction and should be managed with sup- 
positories and enemas. Using this approach, an episode 
of subacute or acute bowel obstruction will often settle 
but recurrence is frequent within a short period of 
time. 

If the above measures fail, and surgery is not a pal- 
liative option, the prognosis is usually extremely bleak. 
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Attempts to control the symptoms with escalating doses 
of analgesia and more powerful anti-emetics (e.g. 
methotrimeprazinc) can be successful, often at the 
expensc of heavy sedation. If vomiting is a persistent and 
distressing symptom, symptomatic relief can be gained 
from placement of a naso-gastric tube or, if this is poorly 
tolerated, insertion of a percutancous gastrostomy tube 
may allow venting of the stomach contents at intervals 
(8-10). This latter approach has the added advantage of 
allowing patients to eat and drink a little, which can be a 
major addition to the quality of life. The use of 
octreotide, a long-acting analog of the hypothalamic 
release-inhibiting hormone somatostatin, to reduce 
gastro-intestinal secretions has been reported as an effec- 
tive means of palliating unresponsive obstructive symp- 
toms in a number of cases (10-12). The usual starting 
dose is 300 xg as a subcutaneous infusion over 24 h and 
this can be increased up to 600 yg if indicated. 


Edema 


Leg, perineal, and abdominal edema are a frequent 
complication of locally advanced prostate cancer. The 
cause can be complex, with contributions due to 
general malnutrition and hypoalbuminemia, pelvic 
venous obstruction, and thrombosis (see below), and 
obstruction of the pelvic lymphatics. Efforts should be 
made to identify the cause of the oedema correctly 
since this has a direct bearing on the choice of therapy. 

The treatment of cancer-related thrombosis is dis- 
cussed in detail below. Peripheral edema duc to a low 
albumin state in patients with advanced disease can be 
managed effectively by low pressure support stockings, 
which should be designed to provide an cven but grad- 
uated pressure. Lymphedema should be managed 
actively by means of massage, skin care, support, and 
movement (13). Skin discomfort and pain should be 
treated with effective analgesia. Low-dose oral diuretics 
(e.g. frusemide 40 mg, amiloride 5 mg) may relieve the 
perception of skin tightness but are unlikely to affect 
the degree of swelling. High-dose steroids are some- 
times of use if the lymphedema is secondary to lym- 
phatic obstruction due to tumor infiltration and 
swelling. However, they should be prescribed only in 
the form of a short-trial course and should be with- 
drawn promptly if they prove to be ineffective. It 
should be remembered that steroid-induced fluid reten- 
tion and procoagulant activity have the potential to 
exacerbate rather than relieve symptoms. Massage, 
even at sites distant from the edema, may have a 
beneficial effect on lymphatic return and can be useful. 
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Skin care is of enormous importance. Regular mois- 
turisers (e.g. E45 cream) should be used and infection 
should be treated vigorously with appropriate antibi- 
otics (c.g. amoxycillin and flucloxacillin). Recurrent 
episodes of cellulitis in a lymphedematous limb are an 
indication for prophylactic antibiotic use. Low-pressure 
compression hosiery may be of benefit but may succeed 
only in moving fluid from one place to another without 
promoting its resorption. If the patient is able to keep 
the limb moving, this is likely to promote lymphatic 
flow. If not, passive movement may be of benefit. 


Cancer-related thrombo-embolic disease 


Thrombo-embolic disorders have been reported in 
1-11% of patients with malignant disease, and a 
further 10% of patients suffer hemorrhagic episodes, 
although only one in ten of these is directly related to 
disordered clotting function (14, 15). Disseminated 
intravascular coagulation (DIC), with its attendant 
risks of thrombosis and/or hemorrhage, occurs in 
9-15% of patients to a degree sufficient to require 
intervention. These figures underlie the status of 
thrombo-embolic discase and hemorrhage as the 
second commonest cause of mortality in patients with 
cancer (14). 

Venous obstruction and thrombosis should be 
sought actively. This complication of malignant disease 
is very common and can give rise to considerable mor- 
bidity and mortality. In a recent study (16), the inci- 
dence and resource implications of cancer-related 
thrombo-cmbolic disease was assessed over a 2-year 
period in a single, large cancer center. This study high- 
lighted a number of important issues: 


(1) cancer-related thrombo-embolic disease occurred 
frequently and accounted for approximately 6% 
of inpatient bed occupancy; 


(2) most patients with this condition had advanced or 
relapsed/incurable disease; 


(3) nearly half of the patients suffered additional 
thrombosces, despite maintenance warfarin 
anticoagulation; 


(4) a significant number of patients experienced anti- 
coagulation-induced hemorrhage. 


Similar results were reported by Chan and Woodruff 
(1992) (17) who detailed major bleeding in 35% and 
further thrombo-embolism despite therapeutic levels of 
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anticoagulation in 13% of patients. Specific data relating 
to patients cared for in a hospice sctting are not available, 
but it is likely that cancer-related thrombo-embolic 
disease is at least as common as in a cancer center. 

It is difficult to make general statements regarding 
the most appropriate management of patients with 
cancer-related thrombo-embolic disease in the context 
of terminal cancer. If the paticnt’s life expectancy is 
very short, active management is likely to be inappro- 
priate and compression hosicry and analgesia may be 
all that is required. However, if the patient’s life 
expectancy is measured in weeks or months, anticoagu- 
lant treatment may provide significant symptomatic 
palliation. Where possible, paticnts should be investi- 
gated with Doppler ultrasound, since this is less trau- 
matic than contrast venography. V/Q scanning is 
justified if there is a suspicion of recurrent symptomatic 
pulmonary emboli but, if a venous thrombosis has been 
confirmed and anticoagulant therapy is to be instituted, 
it can be omitted. Patients with confirmed thrombosis 
should be managed with intravenous heparin and oral 
warfarinization, aiming to achieve an International 
Normalized Ratio of 2.5-3.5. However, as mentioned 
above, oral anticoagulation can be particularly difficult 
to manage in this group of patients. A delicate balance 
must be struck between the risks of further thrombo- 
embolism in inadequately anticoagulated patients and 
the hemorrhagic complications of excessive therapy. 
Disease progression in the form of bone marrow, hepatic 
or vascular invasion may increase the chance of bleeding, 
whilst immobilization, due to general debility, pathologi- 
cal fractures, or paralysis, may accentuate the prothrom- 
botic state. The situation is rendered even more complex 
by the observation that some patients with cancer-related 
thrombo-embolic disease appear to be relatively refrac- 
tory to conventional heparin and warfarin-based antico- 
agulation regimens, which can lead to a situation in 
which cither recurrent cancer-related thrombo-embolic 
disease or hemorrhagic sequelae of high-dose anticoagu- 
lation may occur. The use of low molecular-weight 
heparins (LMWH), given as a single daily subcutaneous 
injection, may offer improved efficacy with fewer compli- 
cations and reduced morbidity. Further studies are 
required to elucidate the role of these agents in the pre- 
vention and treatment of cancer-related thrombo-embolic 
disease (18). 


Dyspnea 


Shortness of breath is an extremely frequent and dis- 
tressing symptom of end-stage malignant disease (7). 
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There are a variety of possible causes for this symptom 
(Table 27.5). It should be remembered that patients 
may often have more than one of these conditions con- 
tributing to the sensation of breathlessness. Carcful 
assessment is important, since specific measures may be 
available against each of the individual problems. A 
chest radiograph will reveal the presence of gross 
metastatic deposits, lymphangitis carcinomatosa, 
pleural fluid, pulmonary infections, and pulmonary 
emboli. Measurement of the arterial oxygen tension by 
sampling of arterial blood or pulse oximetry may give a 
uscful index of the degree of hypoxia and can also 
guide the provision of safe levels of oxygen therapy. 
Dyspnea is a frightening symptom and in many cases 
the patient may gain considerable symptomatic benefit 
from the regular prescription of drugs aimed at reduc- 
ing the stress of this sensation. Useful agents include 
diazepam at a dose of 2 mg twice or thrice daily and 
morphine elixir at a dosc of 5 mg every 4 h. 

Gross pulmonary metastatic disease or lymphangitis 
carcinomatosa are rarcly suitable for specific anti- 
tumor therapy in the palliative setting. Instead, man- 
agement should focus on relieving the symptoms of 
breathlessness by provision of oxygen with or without 
the addition of a trial of intermediate dose dexametha- 
sone 4 mg twice daily. Respiratory infections are often 
the immediate cause of death in patients with end-stage 
cancer and the issuc of whether or not to treat them is 
often a difficult onc. In general, if a patient has reached 
the phase of his illness heralding a terminal decline, 
active treatment of a chest infection with antibiotics is 
inappropriate, unless such treatment may potentially 
relieve unpleasant symptoms such as fever and pleuritic 
chest pain. In fact, these symptoms may be palliated far 
better by the use of physical means of cooling and anti- 
pyretic drugs to control fever and analgesia to control 
pain. Similarly, the treatment of symptomatic pul- 
monary emboli is a matter for careful clinical judge- 
ment. Anticoagulation does not guarantce effective 
prevention of further emboli and carries the risk of 
severe side-effects (16). The placement of vena caval 
filters is associated with a number of potential compli- 
cations and requircs the use of maintenance anticoagu- 
lation. Most patients are unlikely to gain a net benefit 
from this procedure. 

The management of malignant pleural effusions 
depends on the degree of symptoms caused by the fluid 
and the availability of systemic therapeutic manoeu- 
vres. The option of treating malignant effusions with 
specific anti-cancer therapies is seldom available in the 
palliative care of patients with advanced cancer. In 
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gencral, pleural effusions of a sufficient size to cause 


dyspnea should be managed by drainage. This can be 


achieved as a simple palliative procedure with a 22 G 
intravenous cannula inserted under local anesthesia 
through the intercostal space allowing drainage of the 
fluid by direct suction via a 50-ml Luer lock syringe. A 
3-way tap arrangement allows preservation of an air- 
tight scal with the fluid being voided into a measuring 
cylinder. It is usually possible to drain up to 1000 ml 
of pleural fluid safely over 10-20 min using this set-up. 
Attempts to drain more than this by direct suction over 
a short space of time can be accompanied by coughing, 
a feeling of chest tightness, and paradoxical worsening 
of the shortness of breath. These symptoms are thought 
to be due to the development of pulmonary edema sec- 
ondary to the rapid re-expansion of collapsed lung 
tissue and accompanying mediastinal shift. Contrary to 
popular belief, this procedure can provide a significant 
improvement in symptoms without rapid reaccumula- 
tion of the pleural fluid. In patients with a limited life 
expectancy, this may be all that is required to control 
symptoms before death occurs by other disease-related 
processes. In the presence of recurrent or very large 
pleural effusions, it may be necessary to insert a chest 
drain. This should be done using a medium bore tube 
(16-18 F) under local anesthesia. After placement of 
the tube, 500-1000 ml can be drained immediately via 
a system with an under water seal. Thereafter, the tube 
should be clamped for 60 min and then 500 ml can be 
drained each hour until the rate of flow decrease to less 
than 500 ml/h, after which time the tube can be left on 
free-drainage. Once the chest has been drained to 
dryness, it is common to attempt to achieve a chemical 
pleurodesis using a range of agents including tetracycline 
(1 g mixed with bupivicaine) and bleomycin (60 mg) 
(19, 20). In patients in whom this procedure fails, it may 
be worthwhile to attempt a talc pleurodesis at mini- 
thoracotomy, or insertion of a pleuroperitoneal shunt 
(21), although, in the palliative setting, this should be 
considered carefully before it is undertaken. 


Bone metastases 


Pain due to bone metastases is a common feature in 
patients with advanced cancer. The pattern of metasta- 
sis of prostatic cancer is typically to the bones and this 
event represents a significant problem in patients with 
this disease. Bone pain generally arises due to erosive 
metastases and can present as a gradually worsening 
pain over a number of weeks or as a sudden pain 
arising from the occurrence of a pathological fracture. 
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Mild to moderate pain may be controlled by simple 
analgesia from levels 1 and 2 of the analgesic ladder, 
such as an NSAID. However, if this medication fails to 
give symptomatic relief within 1 weck it should be dis- 
continued because of the risk of adverse effects, such as 
gastric irritation. For more severe pain, a combination 
of morphine and an NSAID can be effective. 
Evaluation of the cause of the bone pain is very impor- 
tant. Radiographs of the affected arca should be per- 
formed and patients with osteolytic deposits at risk of 
fracture should be considered for a prophylactic surgi- 
cal approach if their underlying illness suggests that 
they have a reasonable life-expectancy. In the presence 
of demonstrable bony metastatic disease, palliative 
radiotherapy is extremely effective and gives pain relicf 
in approximately 80-90% of cases (22). The optimal 
dose and schedule of palliative radiotherapy in this sit- 
uation have nor been defined clearly. The available 
data from randomized studies suggest that a short 
course or single-fraction radiotherapy is well-tolerated 
and as effective as more protracted irradiation sched- 
ules (23-27). Therefore, most patients will be palliated 
by a dose of 8 Gy as a single fraction or 20 Gy in five 
fractions. However, there is an apparent reluctance on 
the part of many physicians to use single-fraction or 
short-course radiotherapy, especially in sites of disease 
where there is a perceived risk of pathological fracture 
or in patients with a good performance status and a 
life-expectancy measured in months rather than weeks 
(28, 29), In such patients, a schedule of 30 Gy in ten 
fractions is frequently employed. In patients with recur- 
rent bone pain in a site that has previously been irradi- 
ated with good effect, there is a very high response rate 
to repeated irradiation (22). 

The pattern of bonc metastases in prostate cancer is 
very often one of very diffuse disease involving almost 
the entire skeleton. Patients afflicted by such discase 
often have multiple areas of pain in different bony 
sites. In such cases, the provision of localized palliative 
radiotherapy may necessitate the treatment of multiple 
areas at the same time. This can be unsatisfactory both 
to the patient and the clinician, because of the 
difficulties of adequately matching irradiation fields. 
Therefore, under such circumstances, hemibody irradi- 
ation is frequently used. For example, if the painful 
sites are mainly restricted to the lower limbs, pelvis, 
and lumbo-sacral spine, delivery of a single fraction of 
radiation to the lower hemibody (usually to a field 
extending from the iliac crests to the lower femur) to a 
dose of 8 Gy as at the mid-plane can be very helpful. 
When treating the upper hemibody (usually to a field 
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extending from the clavicles to the iliac crests), the dose 
prescription is reduced to 6 or 7 Gy. Patients receiving 
this form of treatment should receive pre-medication 
with intravenous 5-HT3 receptor antagonists and dex- 
amethasone in addition to intravenous fluids. 

An alternative to this form of wide-field irradiation is 
the usc of systemically administered radioisotope treat- 
ment. Strontium-89, samarium-153, rhenium-186, and 
yttrium-90 have all been investigated as possible thera- 
peutic isotopes (30-36). As yet, however, most studies 
have focused on the use of strontium-89 and its com- 
parison to external-beam radiotherapy. A phase III ran- 
domized placebo control trial performed by Porter 
et al. (1993) (31) evaluated the effectiveness of stron- 
tium-89 as an adjunct to local-ficld radiotherapy in 
126 patients. Although no significant differences in sur- 
vival or in relief of pain at the index site were noted, 
there was a significant reduction in the need for anal- 
gesic medication in the isotope-treated arm. In addi- 
tion, there was a significant difference in the 
progression of pain as measured by new pain sites or 
the need for further radiotherapy. These results were 
achieved at the expense of increased hematological tox- 
icity in the patients treated with strontium-89. Qulity 
et al. (1994) (32) treated 284 patients with prostatic 
cancer and painful bone metastases in a randomized 
phase II trial comparing local or hemibody radiother- 
apy with strontium-89 radioisotope therapy. All treat- 
ments provided effective pain relief, with no difference 
between any of the study groups at 3 months. However, 
fewer patients reported new pain sites after strontium-89 
than after local or hemibody radiotherapy. Once again, 
mild hematological toxicity occurred in the isotope- 
treated patients without significant clinical sequele. In 
view of these findings, it is unlikely chat strontium-89 
therapy will find a place in the routine palliative therapy 
of prostatic cancer metastatic to bone, although it may 
have a role in paticnts with very widespread disease 
which relapses rapidly after local radiotherapy. 


Cerebral metastases 


Brain metastases from prostate cancer are uncommon. In 
a large single institution study, Castaldo et al. (1983) (37) 
reported eight patients with brain metastases among a 
cohort of 189 patients. Otherwise, reports of prostate 
cancer metastatic to the brain have been restricted to 
single-case reports. Therefore, there are no data to 
suggest that the management of patients with brain 
metastases from prostate cancer should be any different 
from that of patients with other malignant diagnoses. 
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The diagnosis of brain metastascs should be consid- 
ered in patients presenting with new neurological 
symptoms and should be confirmed by CT scanning if 
further treatment is contemplated. During the period of 
investigation, it is usual to commence treatment with 
high-dose dexamethasone 8 mg twice daily and this 
treatment, in itself, may lead to a considerable 
improvement in symptoms by virtuc of its cffect on 
peri-tumor vasogenic edema (38). In the unlikely clini- 
cal situation of a patient with prostate cancer present- 
ing with a single brain metastasis as the sole site of 
relapse, a surgical approach would be appropriate. 
However, it is far more likely that cerebral metastases 
will arise in the setting of widespread metastatic 
disease, in which case the treatment approach is 
entirely palliative. Patients with confirmed brain metas- 
tascs should be considered as candidates for palliative 
radiotherapy. Palliative treatment of brain metastases 
accounts for approximately 5% of the workload of UK 
radiotherapy departments (39). This form of treatment 
can be very effective at relieving the symptoms of 
raised intracranial pressure and may restore motor and 
sensory function in certain circumstances. The optimal 
radiotherapy schedule remains to be defined. In the 
1970s the Radiation Therapy Oncology Group 
(RTOG) conducted a number of studies in which 
patients reccived doses of radiotherapy ranging from 
20 Gy in 1 week to 50 Gy in 4 weeks. The studies 
showed no difference between the different fractiona- 
tion regimens in terms of neurological improvement 
(approximatcly 80%), time to disease progression 
(median 2-3 months), or overall survival (median 
3.5-5 months) (40-42). Thereafter, the emphasis 
switched towards assessment of abbreviated courses of 
radiation in an attempt to provide effective palliation 
without the need for prolonged and intensive treat- 
ment. The RTOG conducted a pilot study in which 
patients werc treated with either 10 Gy as a single frac- 
tion or 12 Gy in two fractions (42). The results of this 
study demonstrated no significant difference between 
the rate of onsct of improvement, the median survival 
and the morbidity for the two abbreviated fractiona- 
tion regimens and the more prolonged treatments deliv- 
ering 30-40 Gy, which had been used in the earlier 
studies. There was a difference in the duration of 
symptom relicf in favor of the higher radiation dose, 
bur this effect was considerably attenuated by the use 
of further single-fraction brain irradiation in patients 
with recurrent symptoms. In a recent prospective ran- 
domized trial, 544 patients with symptomatic cerebral 
metastases were treated with whole-brain radiotherapy 
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to a dose of either 12 Gy in two fractions on consecu- 
tive days or 30 Gy in ten fractions over 2 weeks (43). 
The median survival was 11 weeks for the two-fraction 
treatment and 12 weeks for the ten-fraction treatment. 
The short duration of survival hampered an adequate 
assessment of the response rates, but overall responses 
were seen in 39% and 44% of those treated with two 
and ten fractions, respectively. 


Specific urological symptoms 


Neuropathic pain syndromes in pelvic 
malignancy 


Neuropathic pain arises as a result of damage to nerves 
of the peripheral or central nervous system. Such pains 
may present in a number of different ways, including 
shooting or stabbing, burning or dull aching pains. 
Certain recognizable syndromes exist in which patients 
present with reproducible symptoms and signs. 
Recognition of these types of pelvic pain allows the 
physician to commence appropriate therapy immedi- 
ately. This is of considerable importance since these 
conditions are rarely responsive to opiates alone and 
usual require the addition of one or more adjuvant 
drugs (Table 27.6). 

Uncontrolled local pelvic discase frequently presents 
with a constant, dull, aching or dragging pain, which 
radiates to the lower back. This pain may occur in con- 
junction with the pain of lumbosacral plexus involve- 
ment that causes pain in the lower back, which may 
radiate to the buttock and down the leg. It may also be 
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associated with weakness and numbness in the distrib- 
ution of the affected nerve roots. Similarly, disease 
involving the perineal nerve roots can cause a very 
unpleasant perineal sensation of stabbing or burning 
perineal pain. This pain can be exacerbated by sitting 
and patients with this problem often appear to be 
unable to keep still as they constantly shift their posi- 
tion in an attempt to gain respite from their discom- 
fort. Such pelvic, lumbosacral, and perineal pains can 
be extremely difficult to control completely but most 
patients will gain some benefit from opiate analgesia, 
an anti-neuropathic agent such as amitryptiline or 
sodium valproate, and an NSAID. In patients who have 
not alrcady received full-dose radiotherapy, palliative 
irradiation of bulk disease may lead to a degree of 
tumor shrinkage and relief of pressure on the affected 
nerves. 

Tenesmus describes a feeling of fullness of the 
rectum that is associated with the desire to evacuate, 
which often exacerbates the discomfort rather than 
relieving it. Tenesmus can result from direct tumor 
infiltration of the rectum or involvement of sacral nerve 
roots, Opiate analgesia often gives some relief, 
although additional adjuvant agents, such as amitrypti- 
line, sodium valproate, and calcium channel 
antagonists, are frequently needed. 


Hematuria 


Whilst hematuria can be a presenting symptom of 
prostate cancer, its reappearance later in the course of 
the disease process generally signals the presence 
of locally recurrent disease invading the urethra or 


Table 27.6 Drugs commonly used as adjuvants to conventional analgesics 


Nature of pain Class of drug 


e Tricyclic anti-depressants 
e Anticonvulsant 

è Local anesthetic (oral) 

© Corticosteroid 

e Calcium channel blocker 
e Others 

* Bisphosphonates 

e Corticosteroid 


Neuropathic 


Bone 


Muscle spasm 
Skeletal muscle ® Benzodiazepine 

e GABA antagonist 

e Anticholinergic 

e Calcium channel blocker 


Smooth muscle 


Typical examples, dose, and schedule 


© Amitryptiline 25-150 mg at night 

e Valproate 100-400 mg b.d., carbamazepine 100-200 mg t.i.d. 

o Flecainide 100-200 mg b.d., mexilitine 150 mg b.d. 

© Dexamcthasonc up to 8 mg b.d. 

© Nifedipine—start 5 mg t.i.d., maximum 20 mg t.i.d. 

© Baclofen—start 5 mg t.i.d. maximum 100 mg per day 

e Clodronate 800 mg b.d./q.i.d., pamidronate 60-90 mg i.v. q3—4 wk 
© Dexamethasone 2—4 mg b.d. 


e Diazepam 2-5 mg b.d. 

© Baclofen—start 5 mg t.i.d., maximum 100 mg per day 
e Hyoscine butylbromide up to 20 mg q.i.d. 

© Nifedipine—start $ mg t.i.d. maximum 20 mg t.i.d. 
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bladder base. In the absence of previously documented 
recurrence or metastatic disease, this should be 
confirmed in all cases by repeat cystoscopy and biopsy. 
Patients with repeated hemorrhage may suffer recur- 
rent episodes of clot retention and symptomatic anemia 
requiring multiple blood transfusions. The principle 
aim of palliative treatment should be to secure hemo- 
stasis, if possible. The presence of infection, which can 
exacerbate hematuria, should be sought actively and 
treated appropriately. In patients who have already 
been treated with radical radiotherapy to the prostate 
at their initial presentation, palliation of this distressing 
symptom can be very difficult to achieve because doses 
up to tolerance will already have been used. However, 
if there is scope within the limits of normal tissue toler- 
ance, further doses of radiotherapy (e.g. 8 Gy single 
traction or 30 Gy in ten fractions) can be very effective. 
There have been no direct studics on the palliation of 
hematuria due to prostate cancer, although the ability 
of rwo different radiotherapy fractionation regimens to 
palliate the symptoms of bladder cancer has been eval- 
uated in a prospective study (44). Patients were treated 
in a non-randomized fashion with cither 17 Gy in two 
fractions over 3 days or 45 Gy in 12 fractions over 26 
days. Patient selection was based on the clinician’s assess- 
ment of their general condition and performance status. 
The two-fraction treatment was more effective at palliat- 
ing pain and hematuria than the more protracted conven- 
tional fractionation, although the survival was shorter in 
this group of patients. Thereforc, by analogy, it would 
seem to be appropriate to deliver treatment with one of 
these abbreviated fractionation regimens to patients with 
hematuria due to prostate cancer. 

Patients who have already received maximal doses of 
radiotherapy can be treated in other ways. Ethamsylate 
is a non-hormonal agent, which decreases capillary 
exudation and blood loss. Its putative mechanism of 
action is by increasing capillary vascular resistance and 
platelet adhesiveness in the presence of vascular lesions. 
It has no direct action on the normal coagulation 
mechanism. It can be used at a dose of 500 mg q.i.d in 
patients with intractable hematuria (7). The anti- 
fibrinolytic agent, trancxamic acid, should be avoided 
in this situation since the formation of very hard clots 
can cause clot retention and even ureteric obstruction 
(7). Bladder irrigation with a 1% alum solution can 
also be of benefit (45). Similarly, intravesical instilla- 
tion of a 4% solution of formalin has been reported 
with good results (46). Physical measures such as 
balloon distention, diathermy and embolisation should 
be used with great caution (7, 47). 
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Recurrent urinary tract infections 


Patients with locally recurrent prostate cancer are 
prone to repeated episodes of urinary tract infection. 
This tendency may be increased by the need for 
catheterization in patients with bladder outflow 
obstruction, incontinence, fistulae, or clot retention due 
to hematuria. Patients with an in-dwelling urinary 
catheter will almost always have evidence of bacteri- 
uria, which does not require specific therapy in the 
absence of local or systemic symptoms of infection. 
Patients presenting with dysuria, frequency, suprapub- 
lic discomfort, loin pain, or fever should have a speci- 
men of urine taken for microbiological analysis. If the 
symptoms are mild to moderate it may be possible to 
wait for the result of this test before commencing 
therapy. If the symptoms are more severe, or if there is 
constitutional upset, it is reasonable to treat patients 
with a single dose of 400 mg of trimethoprim by 
mouth. This treatment is especially effective in the case 
of urinary tract infections in females. Paticnts with in- 
dwelling urinary catheters should reccive a more pro- 
longed course of antibiotics for 5-7 days according to 
the drug sensitivities demonstrated by the microbiolog- 
ical culture. In the case of repeated infections, it may be 
necessary to give a 2-week course of antibiotics and 
repeat the culture of the urine to ensure cradication of 
the responsible pathogen. 


Fistulae 


The development of urinary fistulae can be extremely 
distressing and frightening to patients. Locally 
advanced pelvic cancers can infiltrate the bowel leading 
to persistent leakage of urine. Less commonly, skin 
involvement and subsequent breakdown can also lead 
to leakage of urine through the skin. Uncontrolled 
fistulae may have a dramatic impact on a patient’s 
quality of life and may result in an otherwise relatively 
well patient remaining virtually housebound. Active 
palliative therapy of a malignant fistula can lead to 
considerable improvements in quality of life and should 
be pursued vigorously. 

The optimal management of a malignant fistula is 
dictated by the clinical situation. The standard surgical 
approach of excision of the fistula (48) and repair is 
often impossible in these patients. Therefore, the aim of 
treatment is more usually directed towards limiting the 
extent of leakage, minimizing the deleterious effects of 
constant perineal irritation due to leakage of urine 
and/or feces over the skin of the perineum and attempt- 
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ing to maintain the quality of life of the patient. 
Leakage can be reduced by inserting an in-dwelling 
urinary catheter. If appropriate, in patients with good 
performance status and a reasonable life-expectancy, 
urinary diversion with percutaneous nephrostomy 
tubes or formation of an ileal conduit offers an alterna- 
tive. Skin care is of considerable importance since, 
unless it is protected by barricr creams and/or protec- 
tive dressings, it can become severely excoriated and 
infected. Malodorous lesions can be effectively treated 
by the use of topical metronidazole gel (49). 


Urinary incontinence 


Urinary incontinence is a particularly distressing 
symptom that can have a devastating impact on the 
patient’s quality of life. It is often caused by locally 
advanced disease within the pelvis resulting in disrup- 
tion of the intrinsic sphincter. However, reversible 
causes such as urinary tract infection and overflow 
incontinence due to bladder outflow obstruction 
should be sought and treated appropriately. If possible, 
local hypofractionated radiotherapy at a dose of 30 Gy 
in 10 fractions may lead to a reduction in tumor bulk, 
which may restore the functional anatomy of the 
urinary sphincter. Where no reversible cause can be 
isolated, urinary catheterization is effective. An in- 
dwelling catheter is frequently employed, but the tech- 
nique of intermittent self-catheterization may also be 
very useful, especially in patients who are unable to tol- 
erate a urinary catheter on a permanent basis due to 
local symptoms, such as bladder or trigone irritation, 
or for patients with a hypotonic bladder. A catheter is 
inserted under clean conditions (strict asepsis is not 
necessary) at Icast four times a day and the bladder is 
emptied. The same catheter can be used repeatedly so 
long as it is sterilized between insertions. 


Obstructive nephropathy 


Locally uncontrolled prostate cancer, by virtue of is 
anatomical site, frequently causes life-threatening 
urinary obstruction. This condition can be treated rela- 
tively easily by insertion of percutancous nephrostomy 
tubes followed by internalization of urinary drainage 
with J-J ureteric stents. However, in recent years there 
has been considerable controversy surrounding the 
ethics of such treatment. Some authors have proposed 
that urinary diversion is not in the patient's best inter- 
est, since a peaceful death from uremia may be pre- 
vented, with only a short-term extension of life-span of 
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poor quality ending in death from another, potentially 
more symptomatic, complication of the malignant 
disease (50). The contrary view has also been 
advanced, based on the observation of improvement in 
quality and quantity of life following percutaneous 
nephrostomy and insertion of J-J stents (51,52). 

The importance of clinical criteria that can assist in 
selection of patients for appropriate use of nephros- 
tomies has been demonstrated in a number of studies. 
Fallon et al. (1980)(51) summarized the features pre- 
dicting for a beneficial outcome of urinary diversion as 
being undiagnosed malignant discase, prostatic and 
cervical primary tumors, patients for whom there is an 
available treatment modality with a reasonable chance 
of a response, and patients who request urinary diver- 
sion as a means of prolonging life for legal or financial 
reasons. Feuer et al. (1991) (52) concluded that the fol- 
lowing criteria contra-indicated the insertion of 
drainage tubes: progression of disease while on 
therapy, potentially life-threatening coincidental 
medical problems, poor performance status, no avail- 
able effective salvage therapy, non-compliance with 
treatment, and uncontrolled pain. 

The role of urinary diversion has been investigated in 
a prospective study in 42 patients who presented with 
renal failure secondary to malignant obstructive 
nephropathy (53). Eight of the patients had locally 
advanced and/or metastatic prostate cancer. The 
obstructive nephropathy was relieved in 33 of the 42 
patients by insertion of percutaneous nephrostomies. 
The median survival of the entire group was 133 days 
(range 7-712 days). Survival of 6 months or more was 
seen in 17 patients, three of whom had prostate cancer. 
However, five patients died within 30 days of undergo- 
ing urinary diversion, one of whom had prostate 
cancer. This point exemplifies the importance of careful 
selection of patients for treatment. Analysis of patients 
by the number of therapeutic modalities that they had 
received prior to urinary diversion revealed that 
patients who had been heavily pretreated with combi- 
nations of surgery, radiotherapy, hormonal therapy, 
and chemotherapy had a short median survival follow- 
ing urinary diversion, whereas the availability of an 
effective therapeutic option was associated with a 
greater probability of prolonged survival. 

There have been a number of studies specifically 
addressing the issue of urinary diversion in prostate 
cancer. Fallon eż al. (1980) (51) treated 100 patients 
with a variety of malignant diseases by surgical urinary 
diversion. They reported a median survival of 7 months 
for 37 patients with prostate cancer, with 18 patients 
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surviving more than 6 months. Again, prolonged sur- 
vival was shown to be associated with the availability 
of a further therapeutic options. In a similar study in 
51 patients, Sanhu et al. (1992) (54) reported a 2-year 
survival rate of 57%, although the majority of these 
patients were suitable for palliative local surgery (84%) 
and hormonal manipulation (71%). A different experi- 
ence was reported by Dowling et al. (1991) (55) who 
treated 22 patients with hormone refractory prostate 
cancer with percutaneous urinary diversion after the 
onsct of ureteric obstruction. The median survival of 
the entire group was only 4 months, with patients 
spending almost half of their remaining lifetime in hos- 
pital. Therefore, these authors concluded that in such 
patients the use of urinary diversion was not justified in 
the absence of available salvage hormonal therapy. In 
patients in whom the usc of urinary diversion is felt to 
be inappropriate, high-dose dexamethasone may repre- 
sent a reasonable alternative (56), at least as a short- 
term measure. 


Management of the dying patient 


Optimum management of patients in the last few days 
of their lives presents a number of specific problems. 
When a stage at which a terminal decline has been 
reached, it is extremely important that the medical staff 
recognize this fact and communicate it clearly and sen- 
sitively to the family. Unnecessary treatment should be 
withdrawn and investigations, including blood tests 
and radiographs, should be discontinued. Strenuous 
efforts must be made to ensure that the patient has ade- 
quate provision of analgesics and anti-emetics. At this 
stage, all medication is usually delivered by subcuta- 
neous syringe driver. Assessment of the presence of 
pain may be difficult and it is important to heed the 
advice of family members and nursing staff who have 
greater contact with the patient at this time. If there is 
doubt, it is wise to err on the side of caution in provid- 
ing increascd doses of analgesia, rather than leaving a 
patient with suboptimal pain control. Terminal agita- 
tion is often a part of the natural process, but it is 
important to exclude and treat reversible causes such as 
pain, urinary retention, or bowel obstruction. In the 
absence of these causes, sedation with a benzodiazepine 
(e.g. midazolam 10-30 mg over 24 h) or 
methotrimeprazine (25-100 mg over 24 h) can be very 
effective. Retained secretions can cause noisy breath- 
ing, the so-called ‘death rattle’, which can be distress- 
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ing to family members and other patients. This can be 
relieved effectively by fluid restriction and subcuta- 
neous hyoscine. Wherever possible, provision of a quiet 
side-room to allow the patient and family members a 
measure of privacy is an important consideration. 
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Introduction 


Prostate cancer is the most common malignancy diag- 
nosed in men in the United States (excluding skin 
cancer) (1, 2) and it is the second most common cause 
of male cancer mortality (3). Although it rarely occurs 
before the age of 50 (1), estimates are that one in ten 
men will develop the disease over their lifetimes (2). 
Incidence is now estimated to excced that of breast 
cancer (3). Statistically, each year prostate cancer rep- 
resents 36-41% of all newly diagnosed cancers in men 
and 14% of all cancer deaths (3, 4). While the inci- 
dence of prostate cancer is increasing by about 2.8% 
per year (1), there is some age-adjusted data to suggest 
that from 1990 to 1995 there was a decrease in mortal- 
ity from the disease for white men under 70 years of 
age at diagnosis (5). Overall, however, mortality is esti- 
mated to increase by 37% by the ycar 2000, from data 
published in 1993. 

Incidence of prostate cancer varies considerably by 
race and geographic location. US black males have the 
highest incidence and mortality rates in the world: as 
high as 90 per 100 000 (6, 7). The incidence for US 
white males (40-60 per 100 000) is similar to those in 
northern Europe. In contrast, in Asian countrics, rates 
are as low as 2 per 100 000 (7-9). Asians, Hispanics, 
and Native Americans in the United States are noted to 
have significantly lower incidence and mortality than 
blacks and whites in the US (8, 10). 

Typically, at the time of diagnosis, patients have 
non-metastatic disease (11) and are asymptomatic. 
Initial detection of incidental, non-palpable tumors 
(T1) is generally by elevations in prostate-specific 
antigen (PSA) or as a result of incidental pathologic 
findings after surgery for presumed benign prostatic 
hypertrophy. Clinically confined, palpable tumors (T2 
and T3) are frequently found by digital rectal examina- 


tion. Confirmation in these instances, is by transrectal 
ultrasound (TRUS)-guided transrectal needle biopsy 
(TRNB) utilizing a biopsy gun (12). Those with 
advanccd disease, signified by tumors penetrating the 
capsule, and other metastatic disease may present with 
symptoms consistent cither with encroachment on the 
urethra or the further sequelae of urcthra! blockage, 
decreased compliance of the detrusor muscle. 
Presentation may include hesitancy, decreased force of 
urinary stream, frequency, nocturia, urgency, or 
urgency incontinence. Impotence may result from com- 
pression of the neurovascular bundles (12). 
Accompanying symptoms may include fatigue or 
weight loss. Not infrequently, with advanced disease, 
pain associated with bony metastasis, particularly in 
the axial and appendicular skeleton (13) is present at 
the time of diagnosis. 

Once the suspicion of prostate cancer is present, the 
patient will likcly be referred to an appropriate oncol- 
ogy specialist or team who will confirm the diagnosis, 
stage the disease, and recommend treatment options. 
During the course of diagnosis, staging, and/or treat- 
ment, an anesthesiologist and/or a pain and palliative- 
care specialist may become involved as a consultant for 
a number of indications. They may take an active role 
in managing both intra-operative and post-operative 
surgical pain. In this continuum, these consultants may 
also play a critical role in managing pain and symp- 
toms associated. not only with disease progression, but 
those that arise from other treatments including 
chemotherapy and radiation modalities. During all 
stages of the disease, but in particular with advanced 
disease, this may include but is not limited to, symptom 
assessment and management (e.g. nausea, pain, consti- 
pation, or depression). Their services may also include 
help in coping with such issues as impotency and 
sexual loss, spiritual care, chaplaincy, social services, 
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and most other aspects of palliative and end-of-life 
care. 


Etiology of acute pain in prostate 
cancer 


It is important to remember that pain in prostate 
cancer can present as an acute syndrome at any time 
during the course of the disease or that a more chronic 
pain situation may develop and persist even in the face 
of a new, more acute pain. The following sections will 
outline possible ctiologics for both acute and chronic 
pain syndromes that may develop cither as a result of 
the cancer itself and/or its treatment. 


Acute pain associated with interventional 
procedures 


During the staging process, transrectal ultrasound-guided 
biopsy (TRUS) of the prostate may cause pain, which is 
generally transient and mild in nature. In preparation for 
this procedure, the surgical oncology team will occasion- 
ally consult with the anesthesiology team to provide 
sedation for patients who either have extreme anxiety or 
significant co-morbid medical conditions that would 
mandate special monitoring and/or sedation. 

Post-operative pain associated with diagnostic 
(TRUS) or more limited procedures, such as 
transurethral prostatic resection (TURP) or orchiec- 
tomy, is generally quite manageable. Those patients 
with pre-existing, unrelated pain syndromes and those 
with extensive and/or metastatic disease will have a 
greatcr propensity to have pain that is much more 
difficult to manage post-operatively. Patients undergo- 
ing retroperitoneal lymph node dissection may benefit 
from epidural analgesia post-opcratively; however to 
date, there are no definitive studics showing better out- 
comes with epidural analgesia versus patient controlled 
analgesia (PCA). 

It is absolutely critical for the pain and symptom 
control team to work closcly with the anesthesiologist 
to provide adequate analgesia for both the more 
chronic background pain, as well as the more acute 
post-operative pain. Probably the most important 
caveat is pre-operative identification of these patients, 
so that an appropriate peri-operative care plan can be 
outlined prior to surgical intervention. 
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Acute pain associated with cancer treatment 
and symptom management 


Spinal opioid hyperalgesia syndrome 


This is an uncommon complication of intrathecal or 
epidural injection of high-dose opioids used for the 
treatment of generally refractory pain. Symptoms may 
include pain or hyperalgesia associated with possible 
myoclonus, pilocrection, and priapism. These symp- 
toms generally abate after discontinuation of the 
drug(s) (14-16). 


Opioid headache 


Patients receiving opioids rarely report the onsct of a 
generalized headache. This may be secondary to the 
fact that opioids may increase cerebral blood-flow. 
This effect may be due to histamine release. 


Post-dural puncture headache 


These headaches are characterized by a dull, occipital 
discomfort that may radiate to the frontal region 
(17-22). The headache is position-dependent and is 
most severe with upright posture. The headache occurs 
hours to days after the dura has been punctured. The 
larger the necdle that is used to puncture the dura, the 
higher the frequency of headache (18, 19). If a stan- 
dard bevel needle is turned parallel to the dural fibers 
or if a non-traumatic necdle is utilized (i.e. ‘B’ bevel), 
there is a lower incidence of a post-dural puncture 
headache. Conservative treatment is generally recom- 
mended including bed rest, hydration, and analgesics. 
If che headache persists, an epidural blood patch may 
be performed (22-25), which will generally relieve the 
symptoms of the headache fairly expeditiously. 


Intravenous infusion pain 


Pain at the site of an intravenous (IV) infusion is multi- 
factorial. Common ctiologies are: infiltration, extrava- 
sation, chemical phlebitis, venous spasm, and infection. 
Where there is pain at an TV site, without inflammation 
or phlebitis, it is generally caused by vascular spasm. 
This spasm can be relieved with the application of 
warm compresses and/or by reducing the rate of 
intravascular infusion (26). When therc is pain and ery- 
thema, especially along the line of the vein, chemical 
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phlebitis is usually present; it is generally the result of 
potassium chloride, hyperosmolar solution, or infusion 
of cytotoxic medications (27, 28). Extravasation 
usually is characterized by intense pain followed by 
ulceration at the IV site. It is important to make 
an early diagnosis between chemical phlebitis and 
extravasation. 


Acute pain associated with chemotherapy 
toxicity 


Steroid-induced perineal discomfort 


Rapid infusion of high-dose (20-40 mg) dexametha- 
sone may cause a brief burning pain or sensation in the 
perineum (29, 30). Slow infusion may mitigate this 
problem (31). 


Steroid-induced pseudorheumatism 


Abrupt cessation or slow tapering of steroids taken for 
any length of time may, in some individuals, cause a 
non-specific pain constellation of myalgias, arthralgias, 
and painful muscles and joints. The only known treat- 
ment is to restart the steroids at a higher dose and 
taper more slowly (31-33). 


Acute pain associated with other 
chemotherapeutic agents 


Many single agent and combination chemotherapy pro- 
tocols have been used in the treatment of Stage C and 
D prostate cancer (34). Several of these agents may 
induce acutely painful syndromes. Cisplatin, a metal- 
containing agent, is known to frequently cause a dose- 
related peripheral neuropathy (35, 36). Patients with 
pre-existing coronary artery disease who receive con- 
tinuous 5-fluorouacil (5-FU) infusions are known to be 
at an increased risk for anginal chest pain associated 
with ischemic changes on continuous EKG (37-39). 
Carboplatin, a metal-containing agent, may cause 
peripheral neuropathy in a small percentage of paticnts 
(40). Vinblastine, a vinca alkaloid and an antimitotic 
agent, may be associated with headache, jaw pain, 
paresthesias, or peripheral neuropathy (41). On rare 
occasions, headaches are also associated with hydrox- 
yurea (42). Eroposide is also known to cause peripheral 
neuropathies or paresthesias (43). Tumor flare, charac- 
terized by increasing bone pain, may be scen in 5-25% 
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of patients recciving leuprolide acetate, particularly 
during the first 2 weeks of therapy (44-46). These 
effects may be at least partially mitigated with con- 
comitant administration of the antiandrogens flutamide 
or bicalutamide (47). 


Post-chemotherapy induced painful 
gynecomastia 


Painful gynecomastia may occur in up to 50% of 
paticnts who use estramustine phosphate secondary to 
its estrogenic cffects (48). Nipple pain and gynecomas- 
tia have also been reported with the anti-androgenic 
agent, flutamide (49, 50). 


Acute pain associated with infection 
Acute herpetic neuralgia 


Cancer patients, particularly those who have received 
immunosuppressive therapies, may experience up to a 
2- to 3-fold increased risk of herpes zoster neuralgia 
with its attendant lancinating-type pain. Generally, the 
pain resolves within 2 months, however if pain persists, 
the patient may require further management for post- 
herpetic neuralgia. The infection is characterized by 
pain or itching, which may precede the typical skin 
rash by many days. It is not unusual for the der- 
matomal distribution of the eruption to coincide with 
the tumor location; prostate cancer patients may be 
predisposed to zoster infections in the lumbosacral seg- 
ments (51-53). 


Chronic pain syndromes associated 
with prostate cancer 


Some practitioners define chronic pain as that which 
lasts for more than 3 months and which persists 
beyond a recognizable nociceptive stimulus or usual 
healing process. In many cases, cancer pain could be 
termed as chronic. However, in those cases presenting 
with a persistent painful stimulus, cancer pain might 
technically be difficult to classify as chronic, despite its 
longevity. Clearly, though, the impact on the cancer 
patient’s functional ability, lifestyle, finances, and 
general sense of well-being must be carefully consid- 
ered in the circumstance of pain with duration of less 
than 3 months. 
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Chronic pain associated with tumor 


Bony metastasis pain 


Bone pain in prostate cancer is not uncommon. Up to 
70-80% of prostate cancer patients eventually develop 
skeletal metastasis to the pelvis, proximal long bones, 
or spine (54). There is a low incidence of pathologic 
fractures (unless the patient has been on corticos- 
teroids), however, the high morbidity is generally 
related to the long clinical course of the disease process 
itself. 


Malignant epidural spinal cord compression 


Approximately 7% of patients with prostate cancer 
will develop malignant epidural spinal cord compres- 
sions. Of this subset, 12.2% will have poorly differenti- 
ated tumors and 2.9% will have well-differentiated 
tumors. Pain is the presenting complaint in approx- 
imately 30% of prostate cancer patients with malig- 
nant epidural spinal cord compressions (55-57). The 
lower thoracic, lumbar, and sacral levels are most often 
affected (56). During evaluation, its important to ask 
about bowel and bladder dysfunction, as over one-half 
of patients presenting with spinal cord or cauda equina 
compression show evidence of these abnormalities. 
Urinary retention and incontinence is generally pre- 
ceded by constipation (58). 

Neuropathic and somatic pain may occur as a result 
of epidural tumor. Neuropathic pain and dysfunction 
may arise secondary to nerve root injury or axonal 
injury arising from cither demyelination, ischemia, 
compression or inflammatory process. Mechanical dis- 
ruption or distortion of bone and soft tissuc elements 
(i.e. ligamentous structures, periosteum, dura mater, or 
blood vessels), along with inflammatory mediators 
induced during the process, may activate afferent noci- 
ceptive neurons and cause somatic pain. Mechanical 
pain, generally worsened with weight bearing and shift- 
ing, may be due to vertebral collapse and the resultant 
intrinsic instability. 


Musculoskeletal pain 


Non-specific musculoskeletal pain in prostate cancer is 
frequently related to deconditioning, prolonged bed 
rest, muscle wasting or atrophy, or general debility. It 
is imperative to rule out metastatic disease with any 
new complain of pain. A rehabilitation program can be 
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critical in some circumstances to provide the patient 
with maximization of quality of life. In general, opioids 
may not be that effective in treating this type of pain. 


Colic 


Pain secondary to colic is most commonly related to 
constipation. Bowel and other malignant obstructions 
are unusual in prostate cancer. Symptomatic treatment 
with laxatives and propulsive agents are generally rec- 
ommended (59). 


Pain secondary to capsular stretching 


This type of pain is generally from liver metastasis. 
Opioids may be only moderately helpful in sympto- 
matic management. Adjunctive treatments might 
include steroids or NSAIDs. 


Pain secondary to tumor mass 


Tumor encroachment on adjacent viscera as well as 
other structures such as soft tissue and nerve plexi, may 
cause extreme pain. This pain is partially opioid sensi- 
tive. However, depending on the pathology, surgery, 
radiation, chemotherapy, or embolization may be 


helpful. 


Chronic pain associated with treatment 
Post-chemotherapy neuropathies 


Please see Acute pain syndromes associated with other 
post-chemotherapies. 


Avascular necrosis of femoral or humoral 


head 


While avascular necrosis of the femoral or humoral 
head may be a complication of intermittent or continu- 
ous corticosteroid therapy, this condition may also 
occur spontaneously (60-62). Predisposing factors may 
also include a history of alcohol abuse (63). Osteocyte 
toxicity results in an inflammatory exudative process 
and vascular insufficiency, which leads to irreversible 
osteonecrosis apparent radiologically only months after 
the process is underway (64, 65). 

Osteonecrosis may be unilateral or bilateral and 
occurs most frequently in the femoral head, presenting 
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with pain in the hip, thigh, or knec. Humoral head 
involvement generally is typified by shoulder, upper 
arm or elbow pain. In general, pain associated with this 
syndrome is incident-type pain worsened with move- 
ment (66). Diagnosis is best made with a bone scan and 
a MRI. Treatment is gencrally supportive in the carly 
stages. In some circumstances, consideration might be 
given to core decompression (to theoretically reduce 
medullary hypertension and to improve ischemia) at 
this point (67), although in a cancer population this 
would need consideration on a case by case basis. 
Osteotomy or arthroplasty might be necessary with 
advanced stage bone destruction (60, 67). 


Chronic pain associated with surgical 
approach to metastatic disease 


Prostate cancer skelctal metastasis is most common to 
the spine, pelvis, and proximal long bones (54). 
Persistent, chronic, postsurgical pain after vertebrec- 
tomy, open reduction/internal fixation, or joint replace- 
ment is not unusual. Even in a palliative care setting, 
patient participation in a good multidisciplinary reha- 
bilitation program is critical to maximize functionality 
and to decrease pain. 


Gynecomastia associated with hormonal 
treatment 
Pain associated with chemotherapy-induced gyneco- 


mastia can be persistent into a chronic phase. It is 
important to distinguish gynecomastia in this circum- 


Table 28.1 


Opioids sensitivity to various pain syndromes. 


Prostate cancer 


stance from a primary breast cancer or a secondary 
cancer in the breast (68, 69). Please see section under 
Acute pain: post-chemotherapy induced gynecomastia. 


Chronic post-surgical abdominal pain, non- 
specific 


Patients may develop chronic, persistent, non-specific 
abdominal pain after surgery. Differential diagnosis 
might include ventral hernia, granuloma formation, 
neuroma, myofascial pain related to deconditioning, 
non-specific cutaneous neuritis, or a neuropathic pain 
syndrome related to surgery. 


Pain associated with lymphedema 


Patients with prostate cancer are at risk for develop- 
ment of pain secondary to lymphedema if they have 
undergone surgery or whole-pelvis radiation (70). Other 
risk factors for lymphedema development are: diabetes, 
renal failure, cardiac disease, as well as poor nutritional 
status and obesity, both of which lead to poor wound 
healing and an increased risk of lymphedema (71, 72). 
Treatment is best managed utilizing a multi-disciplinary 
approach, which includes education, massage, skin carc, 
containment hosiery, and exercise (73). 


Conclusion 


Table 28.1 summarizes types of chronic pain associated 
with prostate cancer as well as cach group’s relative 
sensitivity to opioids. 


Pain syndrome 


CHRONIC TREATMENT 
ASSOCIATED PAINS 
IN PROSTATE CANCER 


Post chemotherapy neuropathies 
Avascular necrosis 
Associated with surgical 


Opioid sensitivity 


Insensitive 
Partially sensitive 
Partially Sensitive 


Approach to metastatic 


Disease 


Painful gynecomastia 
Non-specific postsurgical, 


Abdominal 
Lymphedema 
CHRONIC CANCER RELATED Bony metastasis 
PAIN IN PROSTATE CANCER 


Compression 


Musculoskeletal pain 


Colic 


Capsular Stretching 


Tumor Mass 


Metastatic epidural spinal cord 


Partially sensitive 
Insensitive 


Partially sensitive 


Partially sensitive 
artially sensitive 


Insensitive 

Insensitive (may be due to opioid) 
Partially sensitive 

Partially sensitive 
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Assessment and treatment of pain 
and other symptoms 


In order to facilitate evaluation and the subsequent 
management of cancer pain, it is critical to observe the 
following five elements: 


1. It is important to determine whether the pain is 
somatic, visceral, neuropathic, or idiopathic, or a 
combination of two or more of these inferred pain 
mechanisms. Qualitative descriptors, location, and 
distribution are useful in this assessment. 


2. Of equal import, is whether the pain is associated 
with the cancer itself versus various treatment 
modalities or both. Portions of this chapter outline 
possible mechanisms for both acute and chronic 
pain syndromes associated with both prostate 
cancer alone as well as its treatment. Temporal 
relationships are important to determine. Chronic 
pain is defined as any pain lasting greater than 3 
months beyond the acute phase of an injury or 
illness. Cancer pain may be insidious and much 
more difficult to define because of the myriad of 
factors playing into its course. 


3. Determination of pain intensity is one of many ele- 
ments in symptom management. Unfortunately, 
many practitioners may rely too heavily on variants 
of visual analog scales to determine pain intensity 
and treatment response to pain. Failure to accu- 
rately asscss other symptomatology, mental status, 
psychosocial issues, and past history of chemical 
coping may lead to ultimate failure of pain treat- 
ment modalities. For this reason, it is important to 
assess the full picture when treating a presenting 
complaint of pain. 


4. The impact of pain on activities of daily living 
(ADLs), as well as any role that it may play in the 
patient who is suffering, is an important part of 
realistically managing pain. Loss of independence 
(ADLs) and the management of suffering will be 
discussed further. 


5. Always believe the patient’s complaints of pain and 
other symptoms. Always investigate new com- 
plaints, no matter how vague. 


Pain and symptom assessment 


While pain is now being regarded as the ‘fifth vital 
sign’, it must be assessed in the context of the patient's 
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entire symptom presentation, psychosocial milieu, level 
of cognitive function, and whether or not the patient 
has a history of chemical-coping strategies. There arc a 
number of validated assessment tools in use that objec- 
tively quantify and qualify symptomatology, including 
pain. These provide some rational and consistent basis 
for treatment algorithms (74-79). The Symptom 
Assessment System used at MD Anderson Cancer 
Center (Fig. 28.1) utilizes many features of these inven- 
tories in a concise trendable fashion to maximize 
symptom recognition and treatment effectiveness (80). 
The Mini-Mental State Examination (MMSE) (Fig. 
28.2), and The Cage Questionnaire (Fig. 28.3) help to 
quantify cognitive function and a history of chemical- 
coping, respectively (80-83). These three tools along 
with a functional assessment tool (i.e. the Edmonton 
Functional Assessment Tool (EFAT) or the Karnofsky 
Performance Status scale (KPS)) (84, 85), as well as a 
psychosocial assessment, are the basis of a comprehen- 
sive symptom control and/or palliative care intake. 
These tools are useful in both acute and chronic pain 
settings and provide meaningful data for a multidisci- 


THE UNIVERSITY OF TEAS, ` 
ANDERSON Hevesi 
MDACC #: 
CANCER CENTER MDA 
SYMPTOM CONTROL & PALLIATIVE CARE 
o SYMPTOM ASSESSMENT 
No Pain Worst Pain Imaginable 
o 823 485 67 8 9 W 
No Fatigue Be eke: — Worst Fatigue 
012 3 4 5 6 7 R 9 10  Imaginable 
No Nausca Á Worst Nausea 
0 1 2 3456 7899 10 Imaginable 
No Depression y Worst Depression 
01234856 7 8 9 10 Imaginable 
No Ansiety Worst Anniety 
Or 23 4 56 7 8 9 W Imaginable 
No Drowsiness — Worst Drowsiness 
0 1 2? 3456789 10 Imaginable 
No Shortness Worst Shortoess of 
Of Breath 0 1 2 3 4 56 7 8 9 10 Breath imaginable 
Best Appetite Worst Appetite 
123 486 7 8 9 10 Imaginable 
Best Skep ‘Worst Sleep 
012 3 4 56 7 6 9 10 Imaginable 
Best Feeling Worst Feeliag of 


4 5 6 7 8 9 10 Wellbeing Imaginable 


Assessed by: 


Fig. 28.1 The Symptom Assessment System used at MD 
Anderson Cancer Center, aiming to maximize symptom 
recognition and treatment effectiveness. 
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plinary approach to the treatment of cancer-related 
symptoms and cancer treatment sequelae. 

The Symptom Assessment System used at MD 
Anderson Cancer Center (Fig. 28.1) (80) is a tool used 
to assist the patient at each visit to qualify his or her 
symptoms. These symptoms include pain, fatiguc, 
nausea, depression, anxiety, drowsiness, shortness of 
breath, appetite, sleep, and well-being. Patient opinion 
(not caregiver or healthcare professional) is the ‘gold 
standard’ for symptom assessment. Ideally, the patients 
should complete their own assessment. It is important 
to be aware of language barriers with any assessment 
tool and make appropriate arrangements for transla- 
tion. For patients who are illiterate, a tool with faces 
may need to be made available. This tool is an excel- 
lent way to track symptoms over time, as cach ‘snap- 
shot’ may change with tumor progression as well as 
with treatment of the symptoms and the discase. 


UNIVERSITY OF X 
Patient Name: 
MDANDERSON MDACC #: 
CANCER CENTER Date: 
| Miel-Mestal Sate 
Assessment 
MAXIMUM 
SCO! SCORE 

§ What is the (day). (month), (date), (year), (season)? 

5 Where are we: (city) (state) (country) (hospital) 
(floor)? 

3 Sate 3 objects snd ask patient to remember them: 

Glass 
Blanket 
Pencil 

s Spel WORLD backwards, 

3 Ask for the 3 objects named above. If unable to 
name, give patient cues but score only for objects 
named without cues. 

2 Ask patient to name these objects: Pen 
(or 2 other objects in the room) Watch 

1 Ask the patient to repeat the folowing: 

“No ifa, ands or buts.” 

3 Have patient follow three stage command: 

“Take this sheet of paper in your right hand, fold it 
in half, and give it to me.” 

1 Read and obey the following: CLOSE YOUR EYES 

1 Write a sentence (give the patient a topic). 

1 Copy a design. 

30 TOTAL SCORE 


** Please make a note of any delay/hesitancy to respond or omissions, If score = 0, 
specify reason. 


Wears of Schooling: I 


pa >78 


16 


Fig. 28.2 The Mini-Mental State Examination (MMSE) used 
at MD Anderson Cancer Center, aiming to quantify cognitive 
function. 
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The Mini-Mental State Examination (Fig. 28.2) is a 
widely used, well-validated tool for cognitive impair- 
ment screening (82, 83). It measurcs orientation to time 
and place, immediate recall, short-term memory, calcu- 
lation, language, and construct. This tool is excellent 
for detecting cognitive impairment, which may be 
masked or mistaken for symptoms of depression. 

The Cage Questionnaire (Fig. 28.3) (81) should be 
completed at the time of the initial evaluation to avoid 
putting the patient on the defensive. The questions 
should apply to lifetime experience, even if the patient 
is not currently using alcohol. The questions should be 
asked prior to any questions regarding amount of 
alcohol ingested. A positive Cage (2/4 answered ‘yes’) 
indicates that the patient has had a history of chemical- 
coping and maladaptive behavior in stressful situations. 
Physicians frequently miss a history of alcoholism as 
part of their initial evaluation. 


Pathophysiology of pain 


Pain is thought to result from activation of peripheral 
nociceptors or mechanoreceptors via stimulation of 
mechanical (compression/infiltration) or chemical (i.e. 
prostaglandin, bradykinin) mediators. The resultant 
neuropathophysiology gives rise to four types of pain 
(Table 28.2). 


THE UNIVERSITY OF TEXAS Patient Name: 
MD ANDERSON MDACCH — O SSS 
CANCER CENTER Date: ey 
SYMPTOM CONTROL & PALLIATIVE CARE i 
THE CAGE QUESTIONNAIRE 
1. Have you ever felt that you should an down on yeur drinking? Ye O No O 
* do not continue if patient has NEVER had a drink* 
2. Tave you beco annoyed by people criticizing yvur drinking? Ye O No O 
3. Have you ever felt bad or guilty about your drinking? Ya D No O 
4. Have you ever hed a drink first thing in the morning or a Yo D No O 


drink to get rid of a hangover (eye-opener)? 


Assessed by: 


Fig. 28.3 The Cage Questionnaire used at MD Anderson 
Cancer Center provides a history of chemical coping. 
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Tade 28.2 Types of pain. 
T. te of pain Descriptions Examples Opioid respond 
SOMATIC Dull, throbbing, aching, sharp Bone metastasis Good to Excellent 
Localized Muscle/soft tissue 
Tumor infiltration 
“WCERAL Deep, squeezing, cramping Liver or intra-abd Good 
May he poorly localized Metastasis 
NEUROPATHIC Burning, dysesthetic Lancinating Trigeminal neuralgia Poor 
“electric shock” like Post herpetic 
Generally at or near site of sensory Neuralgia 
loss or change 
DIOP ATHIC Variable Variable Variable to Poor 
Somatic pain Neuropathic pain 


»:cnauc pain, also known as nociceptive pain, implies 
zain associated with activation of primary afferent 
seurons stimulated by an ongoing noxious stimulus. 
Tos pain is generally well-localized in cutaneous or 
ceep tissues and may be described as throbbing, sharp, 
aching, or dull. Examples might include post-surgical 
tain, metastatic bone pain, or myofascial/muscu- 
«skeletal pain, such as that resulting from prolonged 
cedrest (86). This type of pain may be quite opioid- 
-esponsive (87, 88). 


Visceral pain 


Visceral pain (actually a subset of somatic pain syn- 
<romes), in contradistinction to somatic pain, is fre- 
zaently characterized as poorly localized. Pain 
<escmptors may include deep, squeezing, pressurc-like, 
-z cramping when hollow viscus obstruction has 
curred. With capsular involvement, such as with the 
_.ver, the patient may represent pain more as sharp or 
throbbing. Nociceptive activation occurs in these cir- 
cumstances with infiltration, compression, extension, 
ər stretching of thoracic, abdominal, or pelvic viscera 
86). Autonomic dysfunction, such as nausea or 
4:saphoresis, may accompany progression of this type of 
zain. When assessing pain, it is important to differenti- 
ate berween referred visceral pain to a distant cuta- 
acous site versus somatic pain. Clearly, this could 
profoundly influence indications for palliative pain 
therapies. An example might be a patient presenting 
aith shoulder pain. The practitioner is faced with dis- 
anguishing a possible bony versus diaphragmatic irrita- 
ston secondary to carcinomatosis. 


Neuropathic pain gencrally presents as a severe pain at 
or near the site of sensory loss characterized by 
burning, dysesthetic pain. Allodynia, perception of 
pain with a non-noxious stimulus (89), frequently is an 
accompanying feature. Central sensitization may be 
responsible for the paroxysmal, electric-shock type sen- 
sations commonly experienced with neuropathic pain. 
The pathophysiology of this type of pain is felt to be 
related to injury to peripheral or central neural struc- 
tures. The resultant defects may include abnormal 
somatosensory processing at the site peripherally or in 
centrally mediated sympathetic pain as well as deaf- 
ferentation syndromes. Autonomic dysregulation may 
be present with sympathetically mediated pain (i.e. 
swelling or vasomotor abnormalities). Examples might 
include lumbar plexopathies, peripheral neuropathies 
related to chemotherapeutic agents, paraneoplastic 
peripheral neuropathies or phantom limb pain. This 
type of pain may not be particularly responsive to 
opioids (87-91), the use of adjunctive agents (92-94), 
or interventional techniques may become critical in 
effective management of neuropathic pain. 


Idiopathic pain 


Idiopathic pain is sometimes perceived to be ‘pain out 
of proportion with physical findings’. While rare in a 
cancer population, patients who tended toward somati- 
zation or who present with a functional somatic syn- 
drome (95) prior to their cancer diagnosis will possibly 
have a greater propensity to manifest these tendencies 
after diagnosis, particularly with non-cancer related 
pain. The patient who has tended to cope chemically 
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and somatically in the past will not likely change their 
coping strategies. It is important to identify these 
patients as such; however, punitive withholding of 
treatment based on this type of history is inappropri- 
ate. It is important to remember that no matter what 
the etiology, dealing effectively with pain in a cancer 
patient will require the practitioner to employ a varicty 
of techniques to empower the patient to maximize their 
quality of life. 


Conclusion 


It is important to keep in mind that most cancer 
patients have morc than one type of pain (96, 97). 
Neuropathic pain represents approximately 15-20% of 
all cancer-pain syndromes. This may be in combination 
with both visceral and somatic complaints. It is crucial 
to make these distinctions in order to maximize med- 
ication regimens (opioids and adjuvants), to discern 
those patients with undetected recurrence and to iden- 
tify those that may benefit from other interventional 
and palliative therapies. When a patient presents with a 
new complaint of pain, it is critical to rule out further 
progression of the disease, particularly if further thera- 
peutic or palliative treatments might be helpful. 


The treatment of the symptom of 
pain 


The treatment of pain focuses on the tiered, 3-step 
analgesic ladder advocated by the World Health 
Organization (WHO) (98). While opioids are the main- 
stay of cancer pain management, certain pain may be 
more or less sensitive to opioids. It is important to 
understand the pathophysiology of different types of 
pain so that a reasonable treatment plan can be imple- 
mented. In many circumstanccs, it may be essential to 
include non-narcotic adjuncts to either potentiate or to 
add to the opioid effect. 


Narcotic analgesics in cancer-pain 
management 


Pure opioid agonists in single-agent form are generally 
preferred for cancer pain treatment. These include fen- 
tanyl, hydromorphone, methadone, morphine, and 
oxycodone. Hydrocodone and codeine, also pure ago- 
nists, are manufactured as mixed agents with aceta- 
minophen, although codeine is available singly. It is 
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important to remember that there is no ‘ceiling cffect’ 
with opioids. Dosages can be extremely variable from 
patient to patient and should be increased until the 
desired analgesic effect is achieved or until problematic 
side-effects arise. Using combinations of pure agonists 
can produce additive effects. 

The use of opioid partial agonists, such as buprenor- 
phine, or mixed agonist-antagonists, such as butor- 
phanol, nalbuphine, or pentazocine, should be avoided 
in the treatment of cancer pain. These medications 
have a dose-related ceiling effect and may cause prob- 
lems with withdrawal. 


Routes of administration 


The oral route of administration is always preferred, 
but may be limited by dysphagia, delirium, bowel 
obstruction, or severe cognitive disturbance. Alternate 
administration routes include rectal, transdermal, 
transmucosal, parenteral, or neuraxial. Rectal adminis- 
tration can be safe and incxpensive but may be contra- 
indicated for those patients with anorcctal lesions or 
severe thrombocytopenia. Most opioids can be com- 
pounded for rectal use, but absorption may be variable. 
The transdermal route, most frequently used for fen- 
tanyl, may take several days to titrate and may therc- 
fore be more efficacious for stable pain syndromes. 
Transmucosal (i.e. oral transmucosal fentanyl) applica- 
tion may be cxtremely effective but expensive. 
Parenteral narcotics (equally efficacious intravenous or 
subcutaneous) may be given intermittently or by con- 
tinuous infusion. The ncuraxial route, either cpidural 
or intrathecal, may be indicated in select situations. 


Beginning and maintaining opioid therapy 


The practitioner should start with conservative ‘around- 
the-clock’ (ATC) dosing and provide appropriate rescue 
medication for breakthrough pain. Once the medication 
has been titrated effectively over 3—4 days, a mainte- 
nance regimen can be established. Frequent intermittent 
assessments will be necessary to monitor for signs of 
toxicity or intolerant side effects, to assess the need for 
upward titration of medication as the disease pro- 
gresses, and to verify satisfactory opioid effect. 


Opioid toxicity 


Toxic opioid metabolites may accumulate in patients 
who develop renal insufficiency, in those patients 
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requiring high doses and/or those who have taken 
opioids for a prolonged period. Signs of toxicity may 
include intractable nausea, somnolence, pruritus, or 
evidence of neurotoxicity including delirium, 
myoclonus, or hyperalgesia. Treatment of toxicity 
includes symptomatic use of haloperidol for delirium, 
assessment and treatment of any underlying metabolic 
disorder, hydration and rotation of opioids. In the 
event of renal insufficiency, patients should have their 
opioid doses reduced empirically to avoid toxic accu- 
mulation of metabolites. 


Rotation of opioids 


Rotation of opioids may be needed when the following 
occur: pain is uncontrolled despite relatively high 
opioid doses, when administration of the current 
regimen becomes unwicldy due to large numbers of 
pills, etc., or when tolerance or toxicity occurs. 

The procedure for rotation should be: 


(1) calculate the current opioid dose in cach 24-h 
period; 


(2) determine a new opioid and find its equianalgesic 
dose conversion (Table 28.3); 
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(3) automatically reduce the new total opioid dose by 
at least 30-50% (per 24-h period) to compensate 
for incomplete cross-tolerance between narcotics 
and determine the new daily (24-h) dose of opioid; 


(4) provide adequate opioids (short-acting) for break- 
through pain; 


(5) assess frequently. 


Cautions about methadone use 


Methadone is a synthetic opioid agonist and N-methyl- 
D-aspartate (NMDA) antagonist. Advantages of this 
potent narcotic are excellent absorption, high lipid sol- 
ubiliry, low cost, and high potency. The down side of 
methadone use is that the drug has an unpredictable 
half-life, decreased opioid cross-tolerance, and a lack of 
known metabolites. 

Extreme caution is warranted when converting 
patients from other narcotics to methadone. Lawlor 
etal. observed that dosing ratios may be significantly 
underestimated for methadone. This same group noted 
dosing ratios of up to 11.36:1 when converting mor- 
phine to methadone (99). Other groups recommend 
ratios ranging from 1:1 up to 4:1 (oral route) 
(100-102), Methadone should not be administered as a 
subcutaneous infusion. 


Table 28.3 Conversion from one opioid to another, in equianalgesic doses. 


Conversion from another onioid to morphine (use table below): 
a. ‘Total amount of opioid that cffectively controls pain in 24 hours. 
b. Multiply by conversion factor in table below. Give 30% less of the new opioid to avoid partial 


cross-tolerance. 
c. Divide by the number of doses/day. 


From parenteral From same From oral From oral 

Opioid opioid to parenteral parenteral opioid opioid to oral morphine to 

morphine to oral opioid morphine oral opioid 
Morphine 1 2.5 1 1 
Hydromorphone 
(Dilaudid®) 5 2 5 0.2 
Meperidine 
(Demerol®) 0.13 4 0.1 10 
Levorphanol 5 2 5 0.2 
Codeine — — 0.15 7 
Oxycodone — — 1.5 0.7 
Hydrocodone — — 0.15 7 
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The emerging view of opioid rotation, particularly 
when converting to methadone from other narcotics is 
that conversion ratios are not always the same both 
ways. In other words, converting from methadone to 
other narcotics may require different conversion factors. 
It is also notable that there is extreme interpersonal vari- 
ability. Perhaps most importantly, it is now recognized 
that excitatory amino acids may play a significant role in 
the development of opioid tolerance and in the opioid- 
resistant pain associated with neuropathic pain. NMDA 
receptor antagonists, such as methadone, may actually 
work to reverse this tolerance (103, 104). It is therefore, 
extremely critical to be aware that previously published 
conversion factors may lead the practitioner into a false 
sense of security about using high doses of methadone in 
a drug-tolcrant patient. 


Table 28.4 Adjuvant analgesics in cancer pain management. 


Adjuvant analgesics in cancer-pain 
management 


While opioids are the mainstay of cancer-pain manage- 
ment, other medications may be used with narcotics to 
potentiate the opiate effect or to treat pain that is not 
sensitive to opiates. Not infrequently, treatment 
adjuncts may also be administered to treat opioid side- 
effects and thus allow the narcotic to work more 
effectively in treating the primary complaint of pain. 
Table 28.4 details treatment adjuncts that may be 
useful for different types of pain. 


Adjuvant class Examples of drug 


Drug indication 


Potential side effects 


Antidepressants Tricyclic antidepressant Non-specific cancer pain Cardiotoxicity (rare) 
Amitriptyline Postherpetic neuralgia Orthostatic hypotension 
Headache Sedation 
Gencral cancer pain Anticholinergic effects 
with depression 
Doxepin Headache Same 
Clomipramine Neuropathic pain Same 
Idiopathic pain 
Nortriptyline Mixed neuropathic pains Neuroleptic malignant syndrome (rare) 
Diabetic neuropathy Cardiotoxicity (rare) 
Less likely to cause 
orthostatic hypotension 
Sedation 
Anticholinergic effects 
Non-tricyclic Non-specific pain Anxiety, ‘activation’, 
antidepressants adjuvant insomnia 
Paroxetine 
Trazodone Cardiotoxicity, Sedation 
Orthostatic hypotension 
Corticosteroids Dexamethasone or Neuropathic pain (RSD) Short term 
Prednisone or Bone pain Delirium 


Neuroleptics 


Methylprednisolone 


Methotrimeprazine 


Pain secondary to 
obstruction of hollow 
viscus 


Non-specific cancer pain 


Mood changes 
Hyperglycemia 
Fluid retention 
Dyspepsia, ulcers 

Long term 
Cushingoid/body habitus changes 
Weight gain 
Severe osteoporosis 
Myopathy 
Increased infection risk 
Late neuropsychic cffects 


Sedation 

‘Tardive dyskinestheia 
(late effect only) 
Neuroleptic malignant s. 
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Table 28.4 Adjuvant analgesics in cancer pain management (continued) 


Adjuvant class Examples of drug 


Oral or parenteral 
local anesthetics 


Mexiletine (p.o.) 


Lidocaine (i.v.) 


Anticonoulsants Gabapentin 


Carbamazepine 


Drug indication 


Neuropathic pain, 
dysesthetic-lancinating 


Neuropathic pain, 
dysesthetic-lancinating 
(conflicting views on 
efficacy in cancer patients) 


Neuropathic pain, lancinating 


Neuropathic pain, 
lancinating 


Potential side effects 


Nausca and/or vomiting 
Tremor, dizziness 

Paresthesias 

Cardiac conduction 
Disturbances 

Dose-related dizziness, 

perioral numbness, 
paresthesias, progressing 

to encephalopathy and scizures 


Drowsiness, fatigue 


Drowsiness, dizziness, 
nausea 

Leukopenia and/or 
thrombocytopenia (2%) 


Phenytoin Neuropathic pain, Dose dependent sedation, 
Lancinating diabetic dizziness, unsteadiness 
Neuropathy Rare hepatotoxicity 
Post-herperic Neuralgia Cutancous abnormalities 
Alpha-2 adrenergic Clonidine Neuropathic, lancinating Sedation 


Agonists 


N-methyl-D-aspartate Ketamine 
Receptor antagonists 


and dysesthetic, cancer 
pain (intraspinal route in 
clinical trials) 


Experimental, may be helpful 
in certain neuropathic pain 
syndromes 


Hypotension (usually orthostatic) 
Dry mouth 


Dissociative anesthetic agent 


Ostcoclast inhibitors — Biphosphonates 


Pamidronate 


Radiopharmaceuticals Strontium chloride-89 


Non-selectiv 
Salicylates 

Acetates 
Propionates 
Fenamates 
Oxicams 
Preferential COX-2 


Non-steroidal 
anti-inflammatory 
drugs (NSAIDs) 


Inhibition 
Selective COX-2 
Inhibition 


Metastatic bone pain 


Metastatic bone pain 
(efficacious in endocrine- 
resistant) 


Mild to moderate 
somatic pain 
(as recommended by WHO) 


Rare hypocalcemia 

Nausea 

Flu-like syndrome related 

to release of cytokines (20%) 


Transitory pain flare 
Transient bone marrow suppression 


Dose-dependent Gl: 
Nausea, vomiting, 
hemorrhage, perforation 
inhibition of platelet 
aggregation, nephrotoxicity, 
bronchospasm 


Gastrointestinal side effects 
May provide advantage of 

having no effect on platelet 
function 


Constipation 


Constipation affects up to 95% of palliative care 
patients taking chronic opioids (105) and has a preva- 
lence of approximately 50-65% in terminal cancer 
patients as a group as a whole (106-109). It is impor- 


tant to remember that constipation in such a patient is 
not always solely due to opiate intake. The causes of 
constipation in this patient population can be multi- 
factorial and may include poor fluid intake or de- 
hydration, malnutrition with resultant autonomic 
neuropathy related to the anorexia/asthenia/cachexia of 
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advanced cancer, decreased mobility, hypokalemia or 
hypercalcemia, or other drugs including iron, diuretics, 
anti-depressants, antacids, anti-hypertensive drugs, 
anticholinergics, anticonvulsants, or vinca alkaloids. 
Co-existing primary or secondary disease states includ- 
ing diabetes, pheochromocytoma, Parkinson’s disease, 
or hypothyroidism may be contributing factors 
(109-111). 

A presenting picture of any onc or more of the fol- 
lowing symptoms should raise the index of suspicion 
for constipation: irregular bowel movements, diarrhea, 
nausea and vomiting, abdomina! discomfort or disten- 
sion, or bowel obstruction should alert the practitioner 
to this problem (111, 112). 

To fully assess the picture, a digital rectal examina- 
tion should be performed to rule out impaction and to 
determine whether or not the vault has stool present 
(111). A plain abdominal radiograph may also be 
extremely helpful in documentation and assessment of 
this distressing symptom (111, 112). 

It is also important to remember that just because a 
patient is not eating, there is still daily production of 
intestinal debris. Approximately one-eighth of a pound 
of accumulated matter must be climinated cach day no 
matter how much oral intake occurs. Thercfore, under 
ideal circumstances, bowel movements should continue 
even without oral intake. 

Treatment focuses on prophylaxis and therapeutic 
management. Aggressive attention to maintenance and 
prevention of these symptoms includes the prophylactic 
use of laxatives whenever constipating drugs, particu- 
larly opiates, are prescribed. In addition, sufficient oral 
fluid intake and ingestion of fiber-containing food will 
help to minimize the likelihood of constipation. Fiber 
alone, however, is not known to be a critical factor 
(113). Managing stress and maintaining daily activity 
levels will also help in prophylaxis (111, 114). 

Laxative agents for prophylactic and therapeutic use 
may be by the oral and/or rectal route. Oral laxatives 
are generally of the softening/osmotic varicty or peri- 
staltic stimulants. Softening agents may include liquid 
paraffin preparations, surfactant laxatives such as 
docusate sodium, bulk-forming agents such as methyl 
cellulose, or osmotic laxatives such as lactulose or 
saline solutions of magnesium hydroxide or sulphate. 
Peristaltic stimulants might include senna-containing 
compounds or bisacodyl, a polyphenolic. In gencral, 
latency of action for oral agents varies from hours to 
days, thus making rectal laxatives a more desirable 
alternative in some cases. While distasteful for patient 
and staff alike, rectal laxatives generally have a faster 
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onset of action. These may include lubricant (c.g. olive 
oil), osmotic (glycerine or sorbitol), surfactant (e.g. 
sodium docusate), saline (e.g. sodium phosphate), or 
polyphenolic (bisacodyl) rectal laxatives (91). 


Nausea and vomiting 


Chronic and prolonged nausca, generally defined as 
that extending beyond 4 wecks (109, 115), is extremely 
prevalent in patients with advanced cancer. Estimates 
range from 21% to 68% in this patient population 
(115). The most common causes of nausea are noted 
below in Table 28.5 (109). In general, nausea is related 
to direct central effects, delayed gastric emptying, con- 
stipation, or vestibular dysfunction (115). 

Treatment of nausea in these scenarios is two- 
pronged: elimination or amclioration of the underlying 
cause and careful and aggressive use of anti-emetic 
drugs. It is important to determine whether or not the 
patient has a bowel obstruction. In this scenario, meto- 
clopramide is to be avoided. Otherwise, this drug may 
be quite effective as a first-line drug, particularly the 
slow-release form (109, 115, 116). Dexamethasone or 
other corticosteroids may potentiate the beneficial 
effects of metoclopramide (115, 116). In bowel- 
obstructed patients, the use of agents that minimizc 
gastro-intestina! secretions and motility may be helpful. 


Cognitive impairment and delirium 


Cognitive impairment/failure and attendant delirium 
are extremely prevalent in patients with advanced 
cancer, particularly as they approach the active state of 
dying (117). Prevalence in this patient population 
ranges from 25% to 85% (118-125). This symptom is 
particularly distressing to the family and staff (124, 
126). Delirium is defined as ‘a transient organic brain 


Table 28.5 The most common causes of nausea in prostate 
cancer patients 


Major causes of chronic nausea in cancer patients 


Constipation 

Opioid therapy 

Autonomic failure 

Bowel obstruction 

Metabolic abnormalities 
Radiation therapy 
Peptic/Gastric ulcer disease 
Increased intracranial pressure 
Other drugs 
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syndrome characterized by the acute onsct of disor- 
dered attention and cognition, accompanied by disturb- 
ances of psychomotor behavior and perception’ (127). 
Delirium is not infrequently misdiagnosed as depres- 
sion; early delirium may easily be overlooked (119, 
128). 

Presenting signs and symptoms may include one or 
more of the following: cognitive failure, fluctuating 
levels of consciousness, changes in the sleep-wake 
cycle, psychomotor agitation, hallucinations, delusions, 
and other perception abnormalities (109). Frequent 
causes may include opioid toxicity, infection, dehydra- 
tion, metabolic abnormalities particularly hypercal- 
cemia or hyponatremia, as well as the masking effects 
of other drugs (e.g. benzodiazepines or other centrally- 
acting agents). 

Adequate assessment using the MMSE or other tool 
is essential. Once it is determined that the patient is 
indeed experiencing delirium, it is sub-classified as 
hyperactive or hypo-active. In the case of hyperactive 
delirium, the symptoms should be managed with 
appropriate medication. Haloperidol is useful as a tem- 
porizing measure until reversible causes are systemati- 
cally ruled out (197-130). Methotrimeprazine may be 
an attractive pharmacologic alternative in terminal 
delirium, although its limitations include hypotension 
and excessive sedation (131). If the delirium does not 
abate after judicious use of neuroleptics (gencrally will 
see improvement within 3-5 days), consideration 
should be given to using a short-acting benzodiazepine 
such as midazolam (109, 132). 


Sedation 


While sedation is a well-known consequence of med- 
ication effect, polypharmacy may amplify this problem. 
Sedating agents in this patient population may include 
opioid analgesics, ant-emetics, anxiolytics, neurolep- 
tics, or tricyclic anti-depressants (133). It is important 
to titrate all medications carefully and to eliminate all 
non-essential drugs. 

A certain number of patients, varying from 6% to 
30%, are conscious until at least 15 min before death. 
Conversely, 8-34% of patients are unconscious for 
more than 24 h prior to death (134-136). Sedation, in 
this scenario, may therefore be related to the terminal 
nature of the illness. 

The use of psychostimulants to enhance analgesic 
efficacy and to reduce opioid-induced somnolence and 
cognitive impairment is widely accepted (137, 138). 
Bruera et al. found that methylphenidate is generally 
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well-tolerated with a minimal incidence of early toxic- 
ity (hallucinations in one patient and paranoid reaction 
in one patient) and no late toxicity in a survey of 50 
patients (139). Dextroamphetamine and pemoline are 
also used for this indication. Pemoline is associated 
with at least three fatal cases of hepatoxicity (140), 
however, it may have lesser sympathomimetic effects. 
Treatment generally starts with a dose of 2.5-5 mg of 
methylphenidate or dextroamphetamine in the morning 
and may be repeated at noon (141). 


Other neuropsychiatric disturbances 


Cancer patients who report significant pain have a 
39% chance of a concomitant psychiatric diagnosis, 
while only 19% of cancer patients without a psychi- 
atric diagnosis reported significant pain (142). The 
most common psychiatric diagnoses in cancer patients 
with pain are adjustment disorder with depressed or 
anxious mood (69%) and major depression (15%) 
(143-145). The incidence of depression increases with 
advanced cancer; 25% of all cancer patients experience 
symptoms of depression and the prevalence increases 
up to 77% with advanced disease (146). There is a sug- 
gested association between depression and increased 
morbidity in this patient population (147-148). 

Diagnosis of depression in cancer patients (149), par- 
ticularly in those with advanced disease, presents an 
interesting dilemma because it is frequently difficult to 
differentiate signs and symptoms of depression versus 
those related to the cancer or cancer treatment (150, 
151). When making a diagnosis of depression, it is 
important to rule out an organic mental disorder, cog- 
nitive impairment or delirium. A family history of 
depression and/or a history of depressive episodes in 
the past, may increase the index of suspicion for this 
diagnosis. Organic ctiologies for depression related to 
cancer treatment include corticosteroids (152), use of 
chemotherapy drugs such as vinblastine (153), whole- 
brain radiation (154), or paraneoplastic syndromes 
(155-156). A number of methods, including diagnostic 
classification systems, structured diagnostic interviews, 
or self-report screening instruments, are used in assess- 
ment (149, 151, 157-160). 

Optimal management of depression in a cancer 
patient, particularly in the terminal stages, involves 
supportive psychotherapy, cognitive behavioral thera- 
pies, and anti-depressant medications (161). Supportive 
counseling should include not only crisis management, 
but should leave an opportunity for patients to discuss 
some of the more existential issucs that arise during the 
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Table 28.6 Anti-depressant medications used in the 
treatment of depression in cancer 


Anti-depressant medications useful in the treatment of 
depression in terminal cancer 


Tricyclic anti-depressants 
Second-generation anti-depressants 
i.e. Bupropion 
Trazodone 
SSRIs 
Monoamine oxidase inhibitors 
Psychostimulants 
Benzodiazepines 
Lithium carbonate 


dying process. It may also be helpful for the patient to 
participate in a group process (162, 163). Behavioral 
therapies may include relaxation or distraction tech- 
niques, or guided imagery. These modalities may prove 
beneficial in mild to moderate depression (164). 
Pharmacologic intervention, however, is the most 
efficacious form of treatment for depression in this 
population (161). Unfortunately, in many cases the 
medications are prescribed too late in the disease 
process for maximum efficacy (165). It is essential to 
identify these patients early and to aggressively start 
appropriate medication management. 

A number of different anti-depressant classes may be 
helpful in the treatment of depression in cancer 
(Table 28.6) (161). It is important to individualize 
these medications or combinations. 


Asthenia 


Asthenia is defined as an ‘absence or loss of strength’ 
(166). Three different symptom complexcs are 
described by Neuenschwander and Bruera: fatigue or 
lassitude defined as easy tiring and decreasing ability to 
maintain performance; generalized weakness character- 
ized by the expectation that a particular activity will 
not be able to be completed; and mental fatigue fre- 
quently accompanied by impaired ability to concen- 
trate, memory loss, and emotional lability (166, 167). 
It is important to distinguish asthenia from localized or 
regional weakness secondary to neurologic deficit or 
muscular abnormality. 

While it is recognized that asthenia may occur as an 
independent symptom, it frequently co-exists with 
cachexia, which is defined as ‘progressive weight loss 
and catabolism of host body compartments such as 
muscle and adipose tissue’ (166). Asthenia or fatigue is 
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one of the most prevalent symptoms reported by cancer 
patients. It is a major impediment to reasonable quality 
of life and may be multi-factorial in nature. Prevalence 
is difficult to assess; however estimates range from 
80% to 96% in patients undergoing chemotherapy and 
radiotherapy (168, 169). 

Etiologies of cancer-related asthenia generally are 
cither physiologic or psychosocial. Physiologic causes 
may include cancer-trearment, other unrelated disease 
processes, systemic disorders including, but not limited 
to anemia, infection, malnutrition, fluid and/or elec- 
trolyte abnormalities, or pulmonary, hepatic, cardiac 
or renal failure. Other causes of physiologic aberration 
may be due to sleep disorders, chronic pain, drug 
cffect(s), or immobility and deconditioning (168). 
Psychosocial issues may involve anxiety disorders or 
mood disorders related to the environment (168). 

Treatment of asthenia remains symptomatic and 
generally consists of patient education, individualized 
exercise regimens, activity modification, stress manage- 
ment, and attention to adequate nutrition and hydra- 
tion. It is important to note that asthenia related to 
cachexia may not be related to malnutrition primarily, 
but in fact, may be an indication of major metabolic 
abnormalities (166, 170-172). 


Myoclonus 


Myoclonus in a terminal cancer patient is generally the 
result of high-dose opiate therapy. In the terminal 
phase, however it may be secondary to encephalopathy 
induced by multiple organ failure, particularly in those 
patients with renal and/or hepatic failure, or with 
hyponatremia (173). It is important to rule out any 
neurologic process that may cause myoclonus, i.e. 
tumor in the epidural space. Treatment should consist 
of elimination of any agents whose clearance is 
impaired by end-organ damage, empirical treatment 
with a low dosc benzodiazepine, i.e. clonazepam (174), 
reduction in the current opioid dose, or rotation to an 
alternative opioid (175). 


Interventional pain-management 
techniques 


Neuraxial anesthesia 


Some practitioners may choose to deliver narcotics via 
cither the epidural or intrathecal (spinal) routes. 
Controversy still exists regarding the efficacy of this 
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route of delivery. Narcotics most frequently used via 
the intraspinal route (either epidural or spinal) are fen- 
tanyl, morphinc, hydromorphone, and methadone 
(176). Advantages of this mode of delivery may include 
an increase in potency and maintenance of more pro- 
longed opiate CSF concentrations. Disadvantages may 
include a higher incidence of nausea, confusion, pruri- 
tus, urinary retention, and edema (177). Cost may be 
much greater (depending on life-expectancy) than oral 
administration or parenteral or subcutaneous infu- 
sions. Intraspinal delivery systems include either ‘port’ 
systems or internalized pump systems. Internalized 
pumps are the most expensive types of systems. 


Miscellaneous blocks 


Trigger-point injections may be useful for patients with 
concomitant myofacial pain syndromes. Subjective 
complaints may include stiffness and specific-point ten- 
derness. Objectively, trigger points are noted to be firm 
palpable bands in the muscle that may restrict range of 
motion. Weakness without atrophy or neurologic 
deficit (178) may be present. Trigger points may be 
injected with a local anesthetic, with or without a 
steroid. Procaine, lidocaine, etidocaine, bupivacaine, 
and mepivacaine are local anesthetic options. 
Acupuncture or other dry-needling techniques may also 
be used (179-182). Garvey, et al. conducted a random- 
ized double-blind study of all methods of treating 
trigger points and concluded that all treatment 
methods were equally cffective (183). 

Patients with bony-rib pain may experience 
significant pain relief with the judicious use of inter- 
costal nerve blocks. These blocks are generally per- 
formed with local anesthetic and/or a ncurolytic agent. 
Care should be exercised in performing these blocks as 
a systemic toxicity may occur with accidental injection 
of the local anesthetic into the vascular portion of the 
neurovascular bundle. Other complications may 
include pneumothorax or subarachnoid block. 


A word about anticoagulation 


In May of 1993, low molecular weight heparin 
(ILMWH) was releascd in the United States for general 
usc. The significant pharmacologic differences between 
LMWH and standard heparin were underestimated 
and in the following S-year period, greater than 40 
spinal hematomas were reported through the FDA’s 
MedWatch system. The American Society of Regional 
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Anesthesia (ASRA) complied with the FDA’s 1997 
request to develop practice guidelines on the manage- 
ment of patients undergoing neuraxial anesthesia 
(spinal or epidural anesthesia) in conjunction with the 
peri-operative use of LMWH (184). 

The recommendations from ASRA (released in 
November, 1998) concerning neuraxial block and peri- 
operative LMWH, are as follows (185): 


1. Monitoring of anti-Xa levels are not predictive of 
bleeding risk. 


2. Concurrent use of anti-platclet drugs, standard 
heparin, or dextran, all increase the risk of spinal 
hematoma. 


3. Delay LMWH therapy for 24 h with a traumatic or 
bloody needle or catheter placement. 


4. Use a single-shot (no catheter placement) technique 
for patients already on LMWH therapy. The inter- 
val between the last dose of LMWH and the single- 
shot technique should be a minimum of 10-12 h. If 
higher doscs of LMWH are used (e.g. Lovenox 
1 mg/kg), wait a minimum of 24 h. Do not perform 
a neuraxial block on a patient who has received 
LMWH 2-h pre-operatively. 


5. Ifa single-shot or a continuous catheter technique 
is used, wait 24 h post-operatively to start LMWH. 
If there is a catheter already in place, leave it in 
overnight and remove it the next day. Give the first 
dose of LMWH 2 h after the catheter has been dis- 
continued. 


6. If LMWH is started with a catheter in place, use 
extreme vigilance. Use opioid and/or dilute local 
anesthetic solutions and monitor neurological 
status frequently. LMWH therapy may be delayed 
if epidural analgesia is anticipated to last more than 
24h. 


7. Timing of catheter removal with LMWH: 
delay removal for at least 10-12 h after last dose. 
Optimal: idcally removal at least 24 h after the last 
dose, which ideally allows for normalization of 
coagulation status. Further dosing should not occur 
for at least 2 h after removal. 


Addiction vs. tolerance 


Psychological dependence on, or addiction to, opioid 
analgesics is rare in a cancer-patient population. The 
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few cancer patients who become addicted to opioids 
almost always have a history of substance abuse prior 
to their cancer diagnosis (186, 187). 

It is important to differentiate between addiction or 
psychological dependence, tolerance, and physical 
dependence. Tolerance is the phenomenon of requiring 
a larger analgesic dose to maintain the original anal- 
gesic effect. Physical dependence generally accompanies 
tolerance and is used to describe a set of signs and 
symptoms characteristic of withdrawal if the opioid is 
stopped or chemically antagonized. Psychological 
dependence or addiction is characterized by a craving 
for the substance, drug-seeking behavior, and an over- 
whelming involvement in obtaining it for use other than 
for pain relief (188). Under-medication with opioids 
occurs frequently in cancer patients because of patient 
and physician fears regarding addiction (187, 189). 


Suffering ... the forgotten 
symptom 


As busy, evidenced-based practitioners, we often forget 
that no matter how well we manage pain and symp- 
toms, some of our patients will do poorly. The dechu- 
manization of medicine and our attempts to fit all 
treatments into algorithms both contribute to this phe- 
nomenon. Cassell (190) perhaps summed it up best 
when he stated that: 


Suffering must inevitably involve the person; bodies do 
not suffer, persons suffer. The separation of the disease 
that underlies the suffering from both the person and 
the suffering itself, as though the scientific entity of 
disease is more real and more important than the 
person and the suffering, is one of the strange intellec- 
tual paradoxes of our times. 

‘Suffering is a symptom unique to each individual at 
any given time and given meaning by that individual’s 
past, present and in most cases, real or perceived 
future’ (191). It occurs ‘not merely in the presence of 
great pain but also when the intactness of the person is 
threatened or sundered, and remains until the threat is 
gone or the intactness can be restored’ (190). This is a 
critical distinction because one cannot make the 
assumption that pain always begets suffering. If we 
simply treat pain, then, we may still fail to treat the 
patient who is suffering the loss of wholeness. As we 
continue to treat pain and symptoms, we are just 
beginning to explore the role that suffering plays in 
patient satisfaction and quality of life (191). 
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and sexual problems 


Loukas Athanasiadis 


Introduction 


Prostate cancer is one of the commonest male cancers. 
The disease and its treatment can have a profound 
effect on the lives of both the patient and his family 
members (1). This chapter looks at the psychological, 
relationship, social, sexual, and other issues, associated 
with prostate cancer. 


Psychological problems 


Life-threatening acute illnesses and recurrent progress- 
ive conditions arc particularly likely to provoke serious 
psychiatric problems. In chronic illness, psychiatric 
problems are more common in cases of distressing 
symptoms (e.g. severe pain), unpleasant treatment, 
demanding self-care, and disability. Psychological vul- 
nerability, social circumstances, other life stresses, and 
the reactions of others (family, employers, doctors) are 
also important determinants of psychiatric morbidity 
(2). 

The psychological consequences of prostate cancer 
are similar to those of cancer in general (3), or any 
other serious physical illness. Symptoms may be 
present even during the investigation period and before 
the diagnosis is made. Oncologists have noted in some 
patients the so-called ‘PSA anxiety’ that surrounds each 
PSA test and the anticipation before getting the results 
(3). Knowledge of the diagnosis of cancer in general, 
may cause shock, anger, disbclief, anxiety, and depres- 
sion (2); the most common associated disorder appears 
to be adjustment disorder (4). The psychological reac- 
tions depend on psychiatric history, significant life 
changes, loss of friends or family to cancer (in particu- 


lar prostate cancer), retirement issues and available 
support (3). 

Important issues in patients with genito-urinary 
cancers include changes in sexuality, bladder and 
bowel function, relationships, body image, and life- 
style (3). Couples’ issues include fear of the partner to 
be left alone {in case of death), role changes, attempts 
of the partner to ‘put on a good face’, sexual issues, 
and fear of transmission of cancer (e.g. through sexual 
activity) (5). 

Physical issues, as a result of cancer, may cause irri- 
tability and psychological distress. Prostate cancer 
patients with pain are more anxious or depressed when 
compared with patients without pain (3) and they take 
more prescribed analgesics (6). 

Distress about treatment options can also have a 
profound effect on irritability, anxiety, and mood (3). 
Surgery for cancer causes psychological problems that 
are similar to those for surgery in gencral, with the 
added meaning of cancer and the threat to life. It 
appears that psychological preparation for surgery 
facilitates post-operative adjustment and recovery. 
Extremely high anxiety or panic may be present in a 
few patients pre-operatively, especially if they had a 
pre-existing anxiety disorder. Major depression most 
often follows surgery when the results are ominous 
(e.g. surgery known to cause sexual dysfunction) (7). 

Interventions for psychological problems include 
education, psychotherapy (individual, group, and 
couple’s therapy), cognitive-behavioral interventions, 
and pharmacotherapy (3). Bindemann (8) proposes a 
supportive (reduction of anxiety related to illness and 
personal problems) and a directive strategy of manage- 
ment (recovery of confidence, hope for the future) for 
cancer patients. Pharmacotherapy may include the use 
of psychostimulants (c.g. pemoline, ritalin), anti- 
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depressants (e.g. fluoxetine), and other drugs, as 
required (3). 


Quality of life 


Litwin (9) reports that older men without prostate 
cancer often present a degree of urinary, bowel func- 
tion, and sexual function problems. Therefore, 
researchers assessing changes in the quality of life of 
prostate cancer patients need to have knowledge of 
pre-morbid functioning. Studies of older men with 
prostate cancer must be cither longitudinal, or—if not 
feasible—a properly selected control group must be 
used. 

In a quality-of-life study, Da Silva et al. (10) reported 
that pain, psychological distress, fatigue, and social 
and family life—confirmed in relation to objective 
parameters—were the most important parameters rep- 
resenting the patients’ view of their conditions. It was 
found that there was a discrepancy between the 
doctors’ evaluation and the patients’ opinions about 
sexual status and pain. It also appeared that clinicians 
were reluctant to do quality-of-life research duc to fea- 
sibility problems and doubts about the value of this 
effort. 

Prostate cancer patients appear to present more 
problems in the sexual, urinary, and bowel function 
than men of similar age without prostate cancer, but 
not in general health related quality-of-life measures 
(11). According to preliminary findings (7) the overall 
quality of life of prostate cancer patients does not also 
appear to differ among patients undergoing different 
forms of treatment (prostatectomy, radiotherapy, 
cryotherapy, ‘watchful-waiting’). However, specific 
quality-of-life domains may be influenced by treatment- 
specific complications. 


Pain issues 


A study assessed pain and quality of life following 
radical retropubic prostatectomy. The authors found 
that mild pain, associated with reduced quality of life 
(particularly social functioning) was common. 
Approximately one in two patients had some pain 
related to surgery at 3 months; the pain was associated 
with higher levels of pre-operative anxiety. Long-term 


397 


effects of intra-operative technique (cpidural and/or 
general anesthesia) were not apparent (12). Daut and 
Cleeland (13) looked at the prevalence and severity of 
pain in selected groups of cancer patients (including 
prostate cancer). They reported that patients with 
metastatic cancer were more likely to report pain than 
patients with non-metastatic cancers. Patients reported 
a surprisingly high frequency of pain as a symptom 
when they were first diagnosed. 


Form of treatment 


Gaffo et al. (14) developed a self-administered ques- 
tionnaire to assess the quality of life of patients with 
localized prostate cancer after treatment by radical 
radiotherapy. In a retrospective study of 70 patients, 
the main side-effects of treatment were sexual impair- 
ment and urinary symptoms. Physical, psychological, 
and relational issucs did not suffer considerably. The 
degree of information about the disease and the 
therapy appeared to play an important role in adjust- 
ment after treatment. 

McCammon et al. (15) compared quality-of-life 
evaluations from patients who reccived external-beam 
radiation therapy or radical prostatectomy for the 
treatment of localized prostate cancer. Gastro-intestinal 
problems were more frequent in the first group of 
patients and problems with urinary incontinence in the 
second. They concluded that patient satisfaction with 
treatment and choice of the same treatment varied 
according to function and current disease status. 
Incontinence, bowel dysfunction, and evidence of 
recurrent disease would make patients less likely to 
choose the samc treatment again. 

Shrader-Bogen et al. (16) attempted to identify and 
compare patients’ self-reported quality of life and treat- 
ment side-effects 1-5 years after radical prostatectomy 
or radiotherapy. They used a mailed self-administered 
survey that included a demographic survey, the 
Functional Assessment of Cancer Therapy—Gencral 
(to measure the overall quality of life) and the Prostate 
Cancer Treatment Outcome Questionnaire (to assess 
the patients’ perceptions of the incidence and severity 
of specific changes in urinary, sexual, and bowel func- 
tions). The authors concluded that the prostatectomy 
group reported more sexual dysfunction and urinary 
problems whereas the radiotherapy group reported 
more bowel dysfunction. However, although com- 
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plaints about problems in sexual and urinary function 
are common, global quality of life does not appear to 
be compromised following radical prostatectomy (17). 

Goluboff et al. (18) looked at the incidence of 
urinary incontinence after radical prostatectomy and 
concluded that the operation was well-tolerated and 
presented excellent patient satisfaction. Early stage 
prostate cancer paticnts who were treated by radical 
prostatectomy also showed a steadily improved quality 
of life during the year after the surgery (19). 

Recently there has been apparently some renewed 
interest in cryosurgery. In a study by Robinson et al. 
(20), men treated with cryosurgery for localized 
prostate carcinoma reported that their well-being had 
returned to pretreatment levels by 12 months, with the 
exception of sexual function. 


Survivors 


High prevalence of anxiety and depressive symptoms 
and decline in leisure activities from prior to the cancer 
diagnosis have been reported in survivors of prostate 
cancer (21). However, the actual prevalence of psychi- 
atric problems in cancer survivors remains to be estab- 
lished (22). Post-traumatic stress disorder, fear of 
recurrence, body image, employment, relationship, and 
other issucs may be present in cancer survivors. 
Sometimes cancer may even induce profound and 
radical personality changes and modify the survivor’s 
values and philosophical approach to life (21), Family 
and social support, personality issues, and the disrup- 
tion caused by the kind of treatment may play impor- 
tant role in adaptation. People who are positive about 
their lives in general and are willing to take on, can be 
expected to adapt relatively well (23). 


Relatives 


Relatives of cancer patients (including partner) can 
play a major supportive role. They are usually highly 
motivated in the direction of trying to assist, their rela- 
tionship with the patient is often characterized by 
mutual fidelity and trust, and they are most likely to be 
available (8). The family of the cancer patient may be 
asked to contribute by offering support, sharing 
responsibility for decision-making, offering concrete 
care (e.g. home care), meeting financial and social 
costs, maintaining stability, and adapting to changes. 
However, there is a short- and long-term human cost 
to the family members and the family may not be able 
to adjust to the new circumstances. Immediate inter- 
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ventions or the creation of an extended system of 
support that deals with education of the family, com- 
munication skills, provision of services, mobilizing of 
social supports, and other issues, may be required (24). 


Instruments 


There are still considerable methodological problems 
regarding the development of optimal quality-of-life 
instruments (25). The use of a rapid screening for psy- 
chological distress in prostate carcinoma patients (who 
may be then referred for treatment), can be a very 
helpful tool in the hands of the oncologist. A screening 
method used in a pilot study by Roth et al. (26) has 
given encouraging results. 


Rehabilitation 


Rehabilitation plans must be discussed with the patient 
pre-operatively and put in action as soon as possible 
after surgery (7). 


Sexual problems 


Sexual problems are common in prostate cancer 
patients. Contributing factors include the disease itself 
and forms of treatment (radiation, surgery, hormonal 
therapy), aging, and psychological-relationship factors. 
However, concerns about fertility do not tend to be 
prominent, because of the  patients’—usually 
advanced—age (27). 


Assessment 


The assessment of chronically ill, and other, patients 
with sexual difficulties may include questions about 
relationship strengths: the ability to show caring (e.g. 
‘has expression of caring changed since the illness 
began?’), ability to sharc feelings, role flexibility, ability 
to negotiate about disagreements, and similar needs for 
intimacy (e.g. ‘how has the illness affected each of your 
needs for togetherness?’). The assessment of sexual 
skills may also include questions about flexibility in ini- 
tiating sex, clear sexual communication, comfort with 
non-coital orgasms, focus on pleasure versus perfor- 
mance, agreement on sexual variety, and feeling sexual 
attractive despite physical changes (28). Questions 
about past medical history, the medical aspects of the 
disease, and treatment issues are also included. 
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Symptomatology 


Early diagnosis of prostate cancer is often incidental 
and asymptomatic. Prostate cancer patients often have 
sexual dysfunction before the cancer diagnosis is made. 
Medical problems, that may or may not be related to 
the undiagnosed prostate carcinoma, may compromise 
pre-morbid sexual functioning (5). Each subsequent 
treatment following the cancer diagnosis increases the 
prevalence of sexual problems (29). Also, men with a 
pre-morbid history of sexual trauma or sexual prob- 
lems arc often more upset when cancer and its treat- 
ment interfere with sex (30). 

Generally, the most frequent sexual side-effect of 
cancer and its treatment, is sexual avoidance, driven by 
anxiety about performance and partner reaction (31). 
However, in prostate cancer, medical factors appear to 
play a prominent role in the etiology of sexual dysfunc- 
tion, in addition to the psychological-relationship ones. 

Prostate cancer surgery causes erectile dysfunction in 
a large number of patients but the risk depends on the 
type of operation performed (32). Radical prostatec- 
tomy is associated with significant erectile problems 
and some decline in urinary function (33). However, 
Walsh et al. (34) reported that patient-reported rates of 
potency and continence after radical prostatectomy, 
performed by an experienced surgeon, were high. Kim 
et al. (35) reported a return of spontaneous partial 
crections in patients who werc offered a new technique 
using sural nerve grafts to restore continuity of the cav- 
ernous nerves, which were resected during radical 
prostatectomy. It appears that nerve-sparing surgery 
presents a lower incidence of erectile dysfunction (36) 
than older surgery techniques. However, some of the 
reported benefits on sexual function may be the result 
of patient selection (men with more advanced cancers 
and pre-operative impotence receive nerve-sparing 
surgery less often) and not the technique per se (37). 
Schover (29) reports that even men who underwent 
nerve-sparing surgery and are defined as ‘potent’ may 
still present problems. They might then need additional 
sexual rehabilitation, with the inclusion of the partner. 

In men whose semen-producing glands have been 
surgically removed, ‘dry’ orgasms (no ejaculation, but 
normal rhythmic orgasmic contractions in the rectal 
and pelvic area) occur. Most men complain that the 
orgasmic sensation is minimal (38). Retrograde ejacula- 
tion (result of bladder-neck dysfunction due to surgery) 
(27), may also incur adverse psychological reactions in 
some patients, particularly if they do not understand its 
significance (39). 
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Prostate cancer patients who had radiotherapy treat- 
ment, reported higher levels of sexual dysfunction than 
age-matched controls; however patients over 74 years 
of age did not perceive decreased sexual function as a 
significant problem (40). In another study (41), the 
samc authors reported no changes in pelvic irradiation- 
induced urinary and intestinal late side-effects, and in 
sexual function, between 4 and 8 years after radiother- 
apy. The controls reported no changes in urinary or 
sexual problems but there was a decrease in intestinal 
problems. In a study by McCammon et al. (15), sexual 
dysfunction was similar in an external-beam radiation 
and a radical-prostatectomy group of patients. 
Preservation of sexual function in a nerve-sparing 
group was disappointingly low, although the patients 
in this group had fewer difficulties in achieving an ercc- 
tion than those in a non-nerve-sparing group. 

A large proportion of men who undergo hormone- 
ablation treatment present dysfunction. 
However, some patients maintain some level of sexual 
activity (5). I.uteinizing-releasing hormone agonist 
therapy has been reported to strongly suppress erectile 
function and sexual activity (42). Estrogen treatment— 
often combined with radiation—reduces sexual drive 
and can be the key factor in this treatment regime that 
causes impotence (43). 

In a study by Bergman et al. (44) men subjected to 
orchiectomy or treated by estrogens (12 patients from 
cach group) were seldom capable of having intercourse 
or of experiencing orgasm. The latter group continued 
sexual activity with a partner more often than the first 
one, and scored higher for mental depression than the 
orchiectomy and a radiotherapy group. Nine of twelve 
patients who reccived radiotherapy preserved their 
crectile potency, however seven of them presented a 
reduced frequency of sexual activity. 

Recovery of erectile functioning may be slow and 
may exceed 6 months in some patients (31). Recovery 
is more likely in younger men and men who did not 
present with bulky disease (5). Sexual dysfunction as a 
known result of therapy may be an important determi- 
nant of choice of treatment: Herr et al. (45) reported 
that newly diagnosed asymptomatic metastatic prostate 
cancer patients who chose to defer immediate interven- 
tion had better physical and sexual functioning than 
those who elected to receive hormonal therapy. The 
two groups were comparable except that the first group 
included more sexually active young men than the 
second group. Concerns over interference with sexual 
function was an important factor in the patients’ deci- 
sion to defer immediate treatment. 


sexual 
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Therapy 


Prevention and intervention programs for sexual 
difficulties with chronically ill (and other) patients (38) 
may include educational components, ‘permission 
giving’, cognitive restructuring techniques, graduated 
sexual tasks assignments (c.g. sensate focus exercises), 
techniques to increase sexual arousal and enhancement 
of general marital skills methods. A number of medical 
treatments are also available, and a combined (psy- 
chotherapy/medical) approach might be advisable for 
prostate cancer patients with sexual problems. 

Prostate cancer patients who experience problems in 
their sexual function may have the following five 
options: 


e decide to do nothing; 

e have psychological treatment in order to try to 
adapt to the new circumstances in their lives 
(including sexual function); 

e use vacuum pumps; 

è try penile injections; 

e use a penile prosthesis (46). 


Recently, sildenafil (Viagra) can be a new treatment for 
ercctile problems in this group of patients. Other new 
drugs for impotence, expected to be launched in the 
near future, may also offer further therapeutic options. 

The results of recent studies that looked at prostate 
cancer patients who received sildenafil treatment for 
erectile dysfunction, are generally encouraging. 
Sildenafil was found to be effective (improved crec- 
tions, ability to have intercourse) in more than half of 
84 men who were included in a study by Lowentritt et 
al. (47). Age, pathological state, the degree of nerve- 
sparing surgery, and baseline post-operative erectile 
dysfunction had a significant impact on the outcome. 
In another study, Zippe et al. (48) concluded that suc- 
cessful treatment of erectile dysfunction in patients 
after prostatectomy with Viagra, may depend on the 
presence of bilateral ncurovascular bundles (nerve- 
sparing approach). Kedia et al. (49) looked at a group 
of prostate cancer patients who presented erectile dys- 
function after radiation therapy. They concluded that 
sildenafil citrate (Viagra) improved the ability to 
achieve and maintain an erection in most cases. 
Zelefsky et al. (50) observed improved crectile function 
in more than two-thirds of patients who were present- 
ing post-radiotherapy impotence and were treated with 
sildenafil. In another study, sildenafil was also well-tol- 
erated and could reverse erectile dysfunction after 
radiotherapy in a substantial proportion of prostate 
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cancer patients (51). Early non-respondents to 
sildenafil may respond later. In a study by Hong et al. 
(52), the response to Viagra appears to be dependent 
upon the interval between nerve-sparing radical prosta- 
tectomy and the start of treatment with sildenafil, with 
a 60% peak between 18 and 24 months. 

Intracavernosal injection of a papavcrine/phento- 
lamine mixture was shown to be effective in a group of 
patients who werc treated by classical radical prostate- 
ctomy (53). Bahnson and Catalona (54) used intracav- 
ernous injections of papaverine to investigate the 
etiology of imporence following nerve-sparing radical 
retropubic prostatectomy in a group of patients and 
concluded that the predominant reason was vasculo- 
genic in origin. Transurethral alprostadil (MUSE) was 
a well-tolerated and effective treatment for patients 
with crectile dysfunction following radical prostatec- 
tomy (55). The effectiveness of yohimbine in the treat- 
ment of erectile problems in general, remains a rather 
controversial issue. Several studies (56) conclude that 
this treatment is ineffective. 

Ercctile aids may be used in therapy. Perez et al. (17) 
looked at groups of patients who had nerve-sparing 
surgery, standard prostatectomy, prostatectomy/use of 
erectile aids, and a group awaiting radical prostatec- 
tomy. Self-reports showed that patients in the first 
group scored berter in most areas of sexuality than 
patients in the second group. However, patients who 
were using erectile aids reported the best outcomes in 
sexuality, similar to patients awaiting surgery. The 
three surgery subgroups did not present differences in 
frequency of urinary leakage. 

Initial results in 50 patients who underwent a combi- 
nation procedure of non-nerve sparing radical retropu- 
bic prostatectomy and placement of a penile prosthesis 
showed an carly return to sexual function. There was 
not an apparent increase in morbidity in this group 
when compared with patients who were submitted to 
radical prostatectomy alone (57). 

Prostate cancer patients who undergo hormonal treat- 
ment present sexual-desire problems. In this group, 
testosterone replacement is not applicable and the only 
recourse is to attempt to enhance sexual fantasy and 
physical stimulation with erotic materials, prolonged and 
varied lovemaking, and vibrator stimulation (29). 

Several psychological reactions to serious illness and 
surgery may also interfere with sexual function. 
Hawton (58) summarizes the main factors to consider: 


e the reactions of the patient (anticipation of 
failure/harm/pain, impairment of self-concept, 
depression); 
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© the reactions of the partner (anxiety, guild); 

e the nature of the relationship (discord, poor previ- 
ous sexual adjustment); 

e che response of the medical profession (avoidance 
of discussion, cursory discussion, inadequate 
:nformation). 


“re trauma of having surgery in the arca of the genitals 
as add a psychogenic component in the functional 
rmcairment (31). Also, men with retrograde ejaculation 
+>wowing transurethral resection of the prostate (not a 
aret cause of sexual dysfunction) may develop inhib- 
“2 sexual desire and other sexual problems (5). 

\ wide range of cognitive factors may also play an 
mxortant role in the sexual life of people whose sexual 
acthculties are related to a physical disorder (59). 
..<mmon maladaptive thoughts and beliefs include: 


» fears concerning the loss of masculinity/femininity; 

© negative thoughts about sexual performance; 

* taking the sick/disabled role; 

© self and partner concerns about physical attractive- 
ness: 

* anncipation of pain; 

* irrational beliefs about creation of further injury 
and other issues. 


neral psychological status (particularly depression 
izd anxiety symptoms), fatigue, and a wide range of 
‘cars and concerns may also influence sexual function- 
cz. The disease creates numerous stressors that may 
tave a marked effect upon the couple’s relationship. 
change of roles, issues of dependence, financial prob- 
ems. and other issues may make difficult for couples to 
ndapt. Lack of adaptation, especially in cases of pre- 
sursting relationship and sexual problems, may have a 
zevastating effect on the relationship. 

There is an important need for pre-operative coun- 
«ing and opportunity to discuss sexual function in the 
>ost-operative period (39). 

It appears that men who are clearly told pre-opera- 
=vely what to expect after surgery, have fewer sexual 
problems than men who reccive no sexual information 
oDi. 


Conclusion 


The course and treatment of prostate cancer, can cause 
oe aggravate a wide range of health, personal, relation- 
ship, sexual, social, employment, and other problems 
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that the patient and partner/family are asked to deal 
with. A properly co-ordinated  interdisciplinary 
approach is expected to provide optimal care to 
prostate cancer patients and their families. 
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Introduction 


In a symposium on the Biology of the Prostate and 
Related Tissues, at the National Cancer Institute in 
Washington in 1962, Professor Charles Huggins, in his 
opening remarks (1), talked of the fable of the three 
blind men who, for the first timc, had encountered an 
elephant. In examining the different parts of the great 
beast, one was impressed by the tusks, reminiscent of a 
walrus, and another thought the hide was tough like a 
turtle. A third was taken by the snake-like trunk. The 
magnificence of the complete entity was not casy to 
envisage. In like manner, Professor Huggins empha- 
sized, ‘the importance of assembling the bits and pieccs 
of prostatic problems in a unitary concept’. He empha- 
sized the valuc of interdisciplinary discussion, the 
importance of bringing advances in science to the 
bedside and highlighted certain problems recognized at 
that time (Fig. 30.1), one of which, was the geographi- 
cal differences in prostatic cancer incidence. Such prob- 
lems still exercise the minds of today’s investigators, 
but certain bits and pieces are coming together and this 
text relates to possible reasons for the high prevalence 
of prostate cancer in the developed countries of the 
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Fig. 30.1 Topics highlighted by Professor C Huggins in 1962 
that he considered worthy of more investigation. 


USA and Northern Europe, relative to that in the coun- 
trics of Asia. 

Tt would now be accepted that our knowledge and 
understanding of the endocrine, biochemical, and mol- 
ecular processes implicated in the pathogenesis of pro- 
static disease is rapidly growing. Although long 
recognized that symptomatic clinical BPH, associated 
with bladder outlet obstruction is not a pre-malignant 
condition that leads to the development of prostatic 
cancer, current attitudes (2) are directed to the possibil- 
ity that genetic instability associated with epithclial-cell 
hyperplasia of microscopic BPH may develop into tran- 
sition zone cancer. Prostatic enlargement associated 
with bladder outlet obstruction is generally considered 
the consequence of dysfunctional growth regulatory 
processes (3, 4) within the gland, resulting from an 
androgen-estrogen imbalance at mid-life, che resultant 
estrogenic stimulus promoting the development of the 
benign stromal adenoma. 

It is also clear from our understanding of the natural 
history of BPH (4-6) that similar risk factors are asso- 
ciated with the pathogenesis of both BPH and prostatic 
cancer. Particularly important is the age factor (7), 
both clinical conditions generally presenting in men 
beyond 50 years of age and also the fact that neither 
disease presents in men castrated early in life, suggest- 
ing that functional testes, but presumably androgens, 
are implicated in disease aetiology. Moreover, both 
conditions clinically respond to androgen-ablative 
therapy. Ethnicity and family history are other risk 
factors that are also recognized as exercising some 
influence on prostate cancer and the etiology of the 
disease. Also well accepted, is that early phases in the 
pathogenesis of cancer can be identified a number of 
years prior to the disease being clinically evident (Fig. 
30.2). Certain pre-malignant lesions, prostatic intra- 
cpithelial neoplasia (PIN), are recognized as an carly 
stage in the multi-step process of carcinogenesis (8), 
although the evidence that atypical adenomatous 
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Fig. 30.2 The natural history of prostatic disease. 


hyperplasia (AAH) is such a pre-malignant lesion 
remains equivocal (9). As with cancer of the breast, it 
may well be that some part of the commonality (10) of 
cancers of breast and prostate relates to initiation at 
the time of adolescence, or puberty, when younger 
people are ‘inflicted’ with marked hormonal changes 
that resulted in periods of rapid growth of the breasts 
and prostate. It is noteworthy, also, that certain ‘both- 
ersome’ symptoms are now being recognized in men in 
their 40s (11, 12) and ‘histological BPH’, epithelial-cell 
hyperplasia and nodular hyperplasia, can be secn in the 
prostate glands of men in their early 20s (13, 14). 
Moreover, these classical studies of Coffey and his col- 
leagues emphasized the increasing prevalence of these 
foci of epithelial hyperplasia with increasing age, in 
men from various parts of the world, both East and 
West. 

The molecular biology associated with these early 
stages in the development of prostatic disease is of par- 
ticular interest and was the essential basis of the discus- 
sions of a committee of the recent International 
Consultation on BPH (4). Its report highlighted the 
complexity of the processes concerned in the regulation 
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of prostate growth, but a consensus viewpoint was that 
on the basis of a better understanding of these 
processes, greater emphasis should now be directed to 
intervention initiatives, possibly related to dietary 
factors, that could Icad to the prevention of prostatic 
cancer and BPH. Some of these dietary concepts are 
now considered in relation to molecular endocrinology 
implicated in the growth regulatory processes of the 
prostate gland. 


Certain dietary factors and the risk 
of cancer of the prostate gland 


The marked differences in the incidence of certain types 
of cancer between various countries or regions of the 
world, suggest that particular dictary factors can 
influence the biological processes related to carcinogen- 
esis, either in a provocative or an inhibitory role. 
Estimates of the proportion of cancers attributable to 
dietary status habit vary from 10% to 70% (15-17), 
but data continues to accumulate supporting a role for 
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such dietary factors (18, 19) and, although often con- 
tradictory, a pattern is recognizable, which directs 
attention to the potential benefits for healthcare of pre- 
ventative studies related to the intake of these factors. 
This relationship between dietary status and cancer has 
recently been reviewed (20). 

That geographical differences in cancer incidence are 
attributable to dict is supported by changes observed in 
the incidence rates in migrants who move from arcas of 
low risk for particular cancers, to countries where the 
risk is higher (21-23). Such changes are illustrated by 
data from the migration of Japanese and Chinese men 
and women to Hawaii and to the mainland USA, 
whose risk of developing prostate or breast cancer, pre- 
viously low, increases to match that of the indigenous 
population within a few gencrations. 

Miller and his colleagues (19) considered that appro- 
priate dietary changes could decrease the incidence of 
various cancers by reducing fat intake and increasing 
vegetable consumption in the case of breast and col- 
orectal cancers, by reduction of obesity for endomctrial 
cancer and diminishing intake of cured meats, salt-pre- 
served foodstuffs and nitrite, whilst increasing fruit and 
vegetable consumption, in the case of stomach cancer. 
Such views are controversial (24, 25), particularly with 
regard to the relationship between dietary fat intake 
and cancer risk (24, 26). 

‘Cancers of the prostate and breast, cardiovascular 
disease, and osteoporosis feature prominently as 
‘Western Diseases’. The Western dict is characterized 
by high animal fat content and protein, and low fiber, 
which contrasts with the dict of the Asian communi- 
ties, which is low in animal fat and rich in starches, 
legumes, fruit, and vegetables - all of which have a 
high-fiber content (Fig. 30.3). Predictably, thercfore, 
animal fat is readily seen as a causative factor. More 
recently, however, has been the recognition (20, 27) 
that certain constituents of the Asian diet and that of 
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Fig. 30.3 General characteristics of Western and Eastern diets. 
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the Mediterrancan region, protect against the develop- 
ment of these diseases, and it is the lack of these con- 
stituents in the Western diet that is the important 
factor. 


Geographical differences in the 
incidence of cancer of the prostate 


Carcinoma of the prostate belongs to the group of 
hormone-dependent cancers, those of breast, ovary, 
and endometrium, the incidence and mortality rates of 
which, are high in the Western world, relative to those 
in Asia and in Mcditerranean countries (Fig. 30.4). 

Already, prostatic cancer is recognized as a serious 
healthcare problem, one of the most commonly diag- 
nosed cancers in the West (28, 29), with the life-time 
risk in North American men being nearly 10%. A 
recent report (30) indicates that carcinoma of the 
prostate is now the second most common cancer after 
skin cancer in the male population of the USA, and the 
second most common cause of death from cancer, after 
that of the lung. The highest mortality rates occur in 
the black male population of the USA, twice that of the 
whites (31-33). The rate is 30 times less in Osaka, 
Japan, and 120 times less in Shanghai, China, than that 
of black males in North America (28, 34-36). The low 
prevalence prostate cancer in Japan is noteworthy, 
since their mean life-expectancy and socio-economic 
standards are as high as their counterparts in the West. 
The incidence in Japan is, however, rising and Japanese 
migrants to the United States manifest an increased risk 
to approximatcly half that of the indigenous Americans 
(28, 37). 

Since prostate cancer, as well as benign prostatic 
hyperplasia (BPH), clinically present over the age of 50, 
the prevalence of both later in life in relation to the 
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Fig. 30.4 Highest and lowest incidence rates recorded world-wide for prostate cancer, breast cancer, endometrial cancer and 


ovarian cancer. 


increasing life-expectancy in developed countries, sug- 
gests that prostate disease will become an even more 
formidable health problem in the next millennium and 
emphasizes the importance of preventative measures. 


Cancer etiology in relation to 
dietary habits 


The Western diet is deficient in fiber and evidence sup- 
ports the concept that high-fiber intake protects against 


colorectal cancer (38), possibly mammary cancer (39). 
Vegetables are a source of fiber, but their protective 
role (40, 41) may now additionally be attributable to 
other non-nutrient components of plant products 
(42-44). 

The belief that prostate cancer risk was related to a 
high animal fat intake merely originated from interna- 
tional rates of prostate cancer mortality (45, 46) with 
the positive correlation between occurrence and mor- 
tality, and per capita fat consumption. The United 
States Health Professionals Follow-up Study of 47 855 
men aged 40-75 (47) was one of the first studies to 
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include an adjustment for total caloric intake. Total 
animal fat consumption was directly related to the risk 
of advanced cancer, although the linear trend fell just 
short of acceptable statistical significance. Other 
studies, however, (48-50) failed to find this associ- 
ation. Moreover, dietary fat did not influence the inci- 
dence of experimental prostate cancer (51), although 
total caloric intake rather than percentage fat, was 
associated with tumourigenesis, a concept supported by 
Albanes (52) in man. 

Fpidemiologists tend to support the hypothesis that 
prostate cancer risk is increased by high levels of 
dietary fat. Unfortunately, few studies have used a sat- 
isfactory dietary methodology and putative associa- 
tions are thereby weakencd. Most failed to adjust for 
total caloric intake and made little reference to fruits, 
vegetables, and cereals — rich sources of the non- 
nutrient components of the typical Asian diet (20, 27) 
and referred to as phyto-estrogens. 

Some have, however, reported a protective cffect of 
vegetables against the risk of cancer, in particular, a 
17-year Japanese cohort study (53-55) of 265 118 
adults, aged more than 40 years, which investigated the 
relationship between life-style and disease risk. Daily 
consumption of green-yellow vegetables was found to 
be an important protective factor against cancers of the 
stomach and prostate, as well as ischaemic heart 
disease, atherosclerosis, and liver cirrhosis. Green- 
yellow vegetables, defined as containing more than 600 
ug of carotene/100 g, included pumpkin, carrots, 
spinach, green lettuce, and green asparagus. The mor- 
tality from cancer of the breast was lower with 
increased consumption of soya bean paste soup and 
soya milk. Hirayama (53) speculated that B-carotenc, 
and possibly other components of soya beans and veg- 
etables, were implicated in the reduction of mortality. 
In a case-control study on the effects of diet on breast 
cancer risk in Singapore (56), noteworthy was the 
finding that soya protein was recognized as a protective 
component of the diet. 

Both investigations, therefore, suggested the poten- 
tial influence of soya bean products on cancer risk and 
drew attention to components of certain vegetables, 
present in the traditional Asian dict, that may influence 
carcinogenesis. In a study of Japanese men in Hawaii, 
Stemmermann and colleagues (49) increased consump- 
tion of rice and soya werc associated with a decreased 
tisk of prostate cancer. Soya-based foods, such as tofu, 
are a rich source of the phyto-estrogens referred to as 
isoflavonoids (20, 27). 
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Several investigators have also demonstrated 
significant strong negative correlations between mortal- 
ity from prostate cancer and ‘dietary intake of cereals 
(57, 58). Cereals contain precursors of the lignans 
found in men and women, another group of phyto- 
estrogens (20, 39). Furthermore, a cohort study of diet, 
life-style, and prostate cancer in Seventh-Day Adventist 
men revealed that increasing consumption of beans, 
lentils, peas, tomatoes, raisins, dates, and other dried 
foods, were all associated with significantly decreased 
prostate cancer risk (60). The Mediterranean-stylc diet, 
considered protective against endocrine cancer as well 
as cardiovascular disease (61, 62), features a high 
intake of fresh fruit, vegetables, and pasta. Fresh fruit, 
citrus fruits, and raw vegetables were found to be pro- 
tective against many cancers, including that of the 
prostate, in several Italian studies (63-65). 


Dietary isoflavonoids and lignans: 
the phyto-estrogens 


Many foods of plant origin contain constituents 
referred to as isoflavonoids, flavonoids, and lignans 
(Fig. 30.5) some of which possess weak estrogenic 
activity (Fig. 30.6) and therefore the potential for 
exerting an influence on hormone-dependent cancers, 
such as thosc of the breast and prostate (20). They can 
be equated with tamoxifen, the weakly estrogenic agent 
universally used in breast-cancer management. The 
presence of non-steroidal substances with estrogenic 
activity in certain foodstuffs of plant origin has been 
long recognized (66, 67). Soya bean and red clover, 
members of the leguminosae family, are major sources 
of isoflavonoids (67). Soya is consumed daily in large 
amounts in China and Japan and traditional dicts of 
the Indian sub-continent, Africa, some Mediterranean 
countries, and South America, have a high-legume 
content including soya, lentils, and chick peas (67). 

Soya beans contain the glycoside conjugates of the 
isoflavonoids, genistein, and daidzein and their methyl- 
ated derivatives, biochanin A, and formononetin 
(Fig. 30.7). These can be metabolized by the enzymes 
of the normal microflora of the gut to the aglycones, 
genistein, and daidzein, which are then absorbed and 
appear in blood and ultimately in urine, primarily as 
glucuronide conjugates, and also sulphates (20). 

The lignans also constitute a group of diphenolic 
compounds of plant origin (67, 68). The plant precur- 
sors, matairesinol and secoisolariciresinol, are metab- 
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Fig. 30.5 Diagrammatic representation of certain sources of flavonoids, isoflavonoids and lignans. 
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Fig. 30.6 Relationship between the chemical structures of 
estradiol-17, the synthetic estrogen diethylstilboestrol, and 
weak dietary estrogens. 


olized after ingestion by intestinal microflora to give 
rise to the weakly estrogenic enterolactone and entero- 
diol, respectively (Fig. 30.8). The lignans are absorbed 
from the gut to appear in blood and other body fluids. 
The precursors of the lignans are found in many 
cereals, grains, fruits, and vegetables but the richest 
source is linseed (flaxseed) (69). 


The isoflavonoids and lignans are found in various 
body fluids (20), in urine, plasma, saliva, and in semen. 
Expressed prostatic fluid contains enterolactone and 
equol (70), suggesting that dietary estrogens can accu- 
mulate in the prostate and are components of prostatic 
secretion along with proteins such as prostate-specific 
antigen (PSA). The levels of isoflavonoids are high in 
the urine and plasma of the Japanese and Chinese men 
and women (Fig. 30.9). Lignans and isoflavonoids are 
also excreted in large amounts in the urine of vegetari- 
ans (71) who consume large quantities of whole-grain 
cereals, vegetables, and fruits, and who also have a 
lower incidence of prostate cancer than the general 
Western population. 


Regulation of prostate growth: is 
there a role for phyto-estrogens? 


The essential issue, therefore, relates to the growth reg- 
ulatory mechanisms that is the manner. Essentially, in 
relation to these growth regulatory processes of the 
prostate gland and the potential role of the phyto- 
estrogens in influencing their activity. Most important, 
is the recognition that these phyto-estrogens have char- 
acteristics other than those directed to thcir well-estab- 
lished activity as weak estrogen agonists or indeed, 
estrogen antagonists (20). These will be considered in 
some depth, later, but are simply illustrated in 
Fig. 30.10. 


Prostate cancer prevention 


413 


GENISTIN 


( glycoside conjugate 
of genistein } 


GENISTEIN 


DAIDZIN 


{ glycoside conjugate 
of daidzein ) 


DAIDZEIN 
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Fig. 30.8 Formation of lignans by gut microflora. 


A brief discussion on some of the complexities of the 
growth regulatory mechanisms of the prostate gland is 
essential, however, in order to understand the probable 
means by which the phyto-estrogens could influence 
growth control. 


Comparison between the levels of isoflavonoids and lignans 
found in U.K and Japanese males and females ( age 40+ ) 
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Fig. 30.9 Comparison between the serum levels of 


isoflavonoids and lignans found in UK and Japanese mates 
and females (age 40+). 
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Fig. 30.10 Biological properties of Isoflavonoids and lignans. 


414 


Steroid hormones and growth- 
regulatory factors 


The prostate is androgen-dependent and a source of 
testosteronc is necessary for the growth and function of 
the gland (72), although it is Sa-dihydrotestosterone 
(DHT) that, as a DHT-androgen receptor (AR) 
complex, associates with specific hormone response ele- 
ments (HREs) on the genome (73, 74) to modulate, in 
association with other transcription factors (TFs), the 
expression of androgen-responsive genes (Fig. 30.11). 
DHT is essential for prostate growth (75) and exercises 
an important role in the regulation of gene activity. 

Androgens, however, as well as estrogens, glucocor- 
ticoids, and any other ‘endocrine-related agents’ that 
might, for example, be made available through the diet 
or even the environment, are often now referred to as 
extrinsic factors in the regulation of prostate growth 
(76, 77). Their biological effects on the gland are seen 
to be mediated by various peptide growth-regulatory 
factors. These intrinsic factors, which are produced by 
the gland, influence prostatic growth by promoting 
inter- and intra-cellular signalling between and within 
cell populations, through paracrine, autocrine, and 
intracrine effects (Fig. 30.12). It is the biological 
actions of these intrinsic factors, such as epidermal 
growth factor (EGF), keratinocyte growth factor 
(KGF), insulin-like growth factors (IGF-I &-II), and the 
fibroblast growth factors (FGFs), that promote the 
mitogenic effect and directly stimulate cell proliferation 
under the modulating influence of the steroid hor- 
mones. The inter-relationship, or crosstalk, between 
the signaling pathways influenced by DHT and those 
regulated by prowth-stimulatory factors is pivotal to 
growth regulation in the prostate (Fig. 30.13). 

Equally important in growth regulation is the inti- 
mate relationship between the stromal and epithelial 
compartments of the prostate, an interaction recog- 
nized many years ago by Franks (78), who reported 
that the stromal elements influence epithelial cell prolif- 
eration. The more recent studies of Cunha and his col- 
leagues (79) have further emphasized the importance of 
this relationship. Essentially, DHT-mediated effects on 
the stromal compartment produce growth-stimulatory 
factors, which induce signal-transduction pathways 
within the epithelial cells that promote growth and dif- 
ferentiation (Fig. 30.14). 

Interest at present, centers on KGF, one of the FGF 
family (FGF-7), and scen as a particularly important 
growth-promoting factor within the prostate (80-83). 
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Fig. 30.11 Formation of the dihydrotestosteronc-androgen 
receptor complex: DHT (D), dihydrotestosterone; AR, andro- 
gen receptor; HRE, hormone response element. TF, transcrip- 
tion factors. 


KGF, produced by the fibroblasts within the stroma, 
elicits a paracrine mitogenic effect through an FGF- 
receptor (FGF-R) protein located on the epithelial-cell 
membrane. This receptor, FGF-R2-cxonlllb, a splice 
variant of the FGF-R2 (bek) gene, specifically recog- 
nizes KGF (84). Transforming growth factor (TGF)-B, 
originating in the smooth muscle-like cells of the 
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Fig. 30.12 Extrinsic and intrinsic growth regulatory factors. 


stroma, inhibits this mitogenic action ot KGF on 
epithelial-cell proliferation. 

KGF has no effect on the stromal cells, whereas FGF- 
2 promotes an autocrine mitogenic action, mediated by 
the receptor FGF-R1, on the stromal elements (85), but 
it has no effect on epithelial cells. FGF-R1, encoded by 
the FGF-R1 (fig) genc, is normally localised only in 
stromal tissue. 

The FGF family (FGF-1 to FGF-10) would appear to 
have a major role in the regulation of prostate growth. 
The FGFs, as well as other growth-stimulatory factors 
like EGF, associate with high-affinity receptors on the 
cell membrane, which have a tyrosine-specific protein 
kinase (TK) as part of the internal domain. The FGFRs 
are encoded by four distinct genes, but alternative 
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Fig. 30.13 Crosstalk between androgen- and growth factor- 
mediated signaling pathways. 


splicing generates various isoforms, which conse- 
quently enhances the complexity of ligand-receptor 
interactions. FGF-8 mRNA was reported to be over- 
expressed in 71% of 31 human prostate cancers 
studied (86), has been identified in the androgen-inde- 
pendent Du-145 prostate cancer cells (87), and could 
well be concerned in cancer progression. A change 
in FGF-R2 expression, FGF-R2exonIIIb to FGF- 


Fig. 30.14 Relationship between stromal and epithelial compartments of the prostate gland: DHT, dihydrotestosterone; TGF, 
transforming growth factor; FGF, fibroblast growth factors; KGF, keratinocyte growth factor. 
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R2exonlllc, has been identified (88) in the Dunning 
prostate tumor of the rat, as it progresses to androgen 
independence. The different FGFs therefore associate 
with the FGF-Rs with varying affinities, although the 
precise part these interactions play in the growth- 
regulatory processes, both normal as well as dysfunc- 
tional, remains to be determined. 


Estrogens and the prostate 


Stromal hyperplasia is induced by estrogens and in 
relation to this, it has been seen to be relevant that the 
‘classical’ estrogen receptor-a (ERa) is predominantly 
localized in the smooth muscle cells of the stroma of 
the human prostate (89). This would suggest that estra- 
diol, as well as DHT, may be synergistically implicated 
in the production of FGF-2 by stromal cells (Fig. 
30.14). Estrogens are clearly implicated in the growth- 
regulatory mechanisms of the prostate (4), although a 
precise role remains to be established. Nonetheless, 
exciting have been recent reports (90, 91) of a comple- 
mentary DNA clone that encodes a new, distinct estro- 
gen receptor, referred to as estrogen receptor B (ERB). 
Especially of interest, is that the human and rat ERB 
clones were identified within cDNA libraries from 
human testis and rat prostate. The ERB also has a high 
affinity for estradiol. The ERa, however, predominates 
in the female reproductive system, whereas ERB would 
appear to be the principal estrogen receptor component 
of the prostate, with cell-specific localization to the 
secretory epithelial cells of the gland (90) and research 
interest is now directed to the biological role of ERB 
relative to that of ERa. Their roles may be quite dis- 
tinct, complementary, or antagonistic and in relation to 
this, it is reported (92) that certain other estrogenic 
compounds preferentially bind to the ERB (Fig. 30.15). 


Binding affinity of various compounds for ERO and ERB 
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Fig. 30.15 The ‘new’ estrogen receptor, ERB. 
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Fig. 30.16 Diagrammatic illustration of the intracellula 
Processes relating to estrogen action. 


Although similar amino acid sequences are recog- 
nized in both DNA and estrogen-binding domains of 
these receptor proteins, suggesting that they would 
associate with the same recognition sites on the 
genome, the cstrogen-responsc elements (Fig. 30.16), 
the N-terminal A/B region, and related TAF-1 activa- 
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~on functions are, however, different. Crosstalk (Fig. 

17) between signaling pathways involving steroid- 
-sceptor function and those promoted by growth 
simulatory factors (4), the synergistic functional 
-teraction between the ERs and other cell-specific 
: -activators and -repressors in juxta-position on the 
zznome of the prostate cells, could be different for 
“ze ERB relative to ERa (93-97). The nucleotide 
cognition sequences could, for example, specifically 
-teract with a ERa/ERB heterodimer, and it is now 
sexessary to further investigate these molecular 
svents. Such work will revitalize interest in the 
zrecise biological role of estrogens within the human 
>costate gland, an interest that has already been par- 
: cularly evoked by the recent studies of Rosner and 
=.s colleagues (98), with regard to the mitogenic 
sttect of sex hormone binding globulin (SHBG) on 
rte stromal tissue of the human prostate and of 
~ hang and colleagues (99), which dircct attention to 
zze association of estradiol with the ALA7O co-acti- 
„ator, which, as part of a tripartite unit (Fig. 30.18), 
zthances the androgenic influence of DHT on gene 
rranscription, 
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Fig. 30.18 Diagrammatic illustration of co-activator X, 
influenced by estradiol and part of the mechanism associated 
with androgen-receptor action. 


The phyto-estrogens: biological 
effects with relevance to the 
prevention of prostatic disease 


Estrogenic activity 


Enterolactone, daidzein, genistein have weak estrogens 
activity (100), although anti-estrogenic properties have 
also been described. They compete with estradiol for 
binding to the nuclear estrogen receptor (101) and 
stimulate the synthesis of sex hormone binding globu- 
lin (SHBG) in the liver (102). Of the total testosterone 
in plasma, only 2% is free and this biologically active 
fraction enters the prostate. Any increase in SHBG 
levels would decrease free plasma-testosteronc. Higher 
plasma SHBG and decreased free-testosterone have 
been reported for vegetarian men (103), Japanese and 
Chinese men (104). 


Inhibition of steroid-metabolizing enzymes 


Within the prostate, testosterone is metabolized to Sa- 
dihydrotestosterone (DHT) by the S5a-reductase (Sa-R) 
enzyme (20). DHT associates with the androgen recep- 
tor (AR) and is the DHT-AR complex that influences 
gene transcription (105). 

Recent studies (106) confirm that pirea 
inhibit not only Sa-reductase, but also 178-hydroxy- 
steroid dehydrogenase, the latter regulating the 
reversible interconversion of testosterone and 
androstenedione, as well as estrone and estradiol. 

There are substantial levels of plasma estrogens in 
the human malc, approximately 30% of the plasma 
estrogen being synthesized and secreted by the testes 
and the remainder is derived from the peripheral arom- 
atization of the adrenal C19-steroids, such as dehy- 
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droepiandrosterone (DHA) and androstenedione. This 
estrogen synthcsis is regulated by the aromatase 
enzyme system in adipose and muscle tissue. Declining 
testicular activity and increasing aromatization after 
mid-life, around the age of 50, has been associated 
with an elevated SHBG level and a consequent rise in 
the plasma-free estradiol-178 concentration relative to 
the level of free testosterone (107, 108). It would now 
be generally accepted (108) that this mid-life ‘estro- 
genic stimulus’ is the predominant factor that induces 
stromal hyperplasia of the prostate, mediated through 
a synergistic action between estradiol and DHT, that 
results in the stromal adenoma that causes bladder 
outflow obstruction. Studies (109-113) indicate that 
certain phyto-estrogens inhibit the human P450 aro- 
matase enzyme system. 

A not unreasonable concept might be that the natu- 
rally-ubiquitous phyto-estrogens in Asian and 
Mediterranean males, influence the pathogenesis of 
clinical BPH by directly inhibiting the growth-promot- 
ing effect of DHT and estradiol on the stromal tissuc of 
their ‘aging’ prostate glands. 


Inhibition of tyrosine-specific protein kinases 


Tyrosine-specific protein kinases are an integral part of 
the trans-cell membrane-located receptor proteins that 
are required for the signal transduction pathways acti- 
vated by various growth factors such as epidermal 
growth factor (EGF), platelet-derived growth factor, 
insulin and insulin-like growth factors (108, 114). 
Tyrosine phosphorylation plays an important role in 
cell proliferation and cell transformation, and tyrosine 
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kinase-specific inhibitors offer potential as anti-cancer 
agents (115). The isoflavoniod, genistein, has been 
shown to be a specific inhibitor of tyrosine kinase 
activity (116). Furthermore, genistcin induces apoptosis 
in human breast tumor cells (117), inhibits invasion of 
murine mammary carcinoma cells (118), and enhances 
adhesion of endothelial cells (119). Genistein is also 
cytostatic, arresting cell-cycle progression in G2M 
(120, 121) and induces apoptosis in immature human 
thymocytes by inhibiting DNA topoisomerase TI (122). 


Dietary components, angiogenesis, and 
prostate cancer progression 


Attention has also been directed to the inhibitory cffect 
of genistein on endothelial cell proliferation (123) and 
the process of angiogenesis or neovascularization. 
Angiogenesis involves the generation of new capillaries, 
a process invoking the proliferation and migration of 
endothelial cells. Normally the process is restricted to 
wound healing and to such processes as the formation 
of the corpus luteum, but angiogenesis is also enhanced 
in association with cancer growth. Folkman (124-126) 
reports that new capillary blood vessels are necessary 
for a cancer to expand beyond 2 mm in size. 
Angiogenesis therefore exercises an important role in 
cancer progression and is essentially seen as the growth 
towards a focus of cancer of capillary sprouts and 
columns of endothelial cells from pre-existing capillar- 
ies (Fig. 30.19). The process is probably promoted by 
the production of growth factors by the cancer cells 
and vascular endothelial growth factor (VEGF) and 
fibroblast growth factor-2 (FGF-2), or members of the 
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Fig. 30.19 Movement of blood vessels towards micro-focal of cancer, under the influence of secreted angiogenic factors such as 


VEGF. 
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FGF family are recognized as potent angiogenic agents 
(115). Blocking angiogenesis could inhibit cancer pro- 
gression. Genistcin inhibited the FGF-2 induced inva- 
sion of collagen by bovine microvascular endothelial 
cells, with a reported [C50 of approximately 150 mM. 
Endothelial-cell proliferation iz vivo was inhibited by 
lower concentrations of the isoflavonoid. Moreover, 
genistein significantly reduccd the FGF-2 stimulated 
elevation of both the urokinase-type plasminogen acti- 
vator (PA) and its physiological inhibitor (PAI-1) in 
vascular endothelial cells, factors associated with the 
proteolytic degradation of the extracellular matrix in 
angiogenesis. These effects may relate to the inhibition 
of the tyrosine kinase-associated FGF receptor (116). 

There is therefore evidence for a protective role for 
genistein in restraining the progression and possible 
dissemination of foci of prostatic cancer by inhibiting 
neovascularization, the effects on angiogenesis, and 
tumor suppression opening up encouraging concepts 
for an innovative cancer preventative measures. 


The complexity of the inter- and 
intracellular signaling pathways 
The sophistication of the inter- and intracellular signal- 


ing pathways, between and within cells, and the intrin- 
sic growth regulatory factors that influence these 
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pathways, is becoming increasingly more apparent. The 
cell-cell interactions between glandular epithelial cells 
and the muscle cells and fibroblasts of the stromal com- 
partment have been briefly described. The prostatic 
neuroendocrine cells, located within the epithelial com- 
partment, are rarcly mentioned. These cells arc basally- 
orientated (Fig. 30.20) and morphologically, are cither 
of the ‘open type’, with apical processcs extending to 
the lumen, or the ‘closed type’, both having long den- 
dritic processes extending under and weaving between 
adjacent epithclial cells (127). There is speculation 
regarding thcir role, but it generally would be consid- 
ered to encompass the regulation of cell growth and 
differentiation, as well as neuroendocrine, endocrine, 
and exocrine secretion (128, 129). They are specialized, 
differentiated cells that contain and secrete: 


the biogenic amine, serotonin; 
bombesin/gastrin-releasing peptide; 

the chromogranin family of polypeptides; 

the calcitonin family of peptides; 

somatostatin; 

parathyroid hormone-related protein (PHTrP); 
thyroid-stimulating hormone (TSH)-like peptide; 
human chorionic gonadotrophin (HCG)-like 
peptide. 


Although the high levels of calcitonin, bombesin, and 
somatostatin in semen suggest that these peptides are 


Fig. 30.20 Neuroendocrine cells, illustrating possible simple links to nerve and muscle cells. 
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directly secreted by the neuroendocrine cells, little is 
known about the inter-cellular autocrine and paracrine 
local regulatory mechanisms by which the neuroen- 
docrine cells inter-relate with the neighboring cells. 
This may involve interaction between neuroendocrine 
cells, factors produced by the stromal compartment, 
extrinsic, blood-borne endocrine agents, or an input 
from the nervous system. Focal neuroendocrine cell dif- 
ferentiation is virtually ubiquitous in carcinoma of the 
prostate (127) and the extent of neuroendocrine cell 
proliferation correlates with poor prognosis. 

A recent report from the Tenovus Cancer Research 
Centre (130) relating to the production of TGF-a and 
vascular endothclia! growth factor (VEGF) by neuroen- 
docrine cells of the human prostate is of particular 
interest. TGF-a@ expression, which mediates its biologi- 
cal action through the EGF receptor, is generally asso- 
ciated with the proliferation of human prostatic cancer 
cells and VEGF is now recognized as a powerful pro- 
moter of angiogenesis (Fig. 30.21). It is well-accepted 
that once a tumor attains a volume of approximately 
2 mm, an improved new blood supply is required for 
continued growth (124-126, 131-133). The produc- 
tion of VEGF by the neuorendocrine cells of the tumor, 
and its activation of signaling pathways within the 
sprouting endothelial cells, may well be a factor associ- 
ated with the promotion of angiogenesis and cancer 
progression (134, 135). 
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The inter-relationship between the 
intrinsic factors 


The integrated response of the various populations of 
cells within the prostate to signaling language, reading 
sense from the many messages induced by the wide 
range of growth regulatory factors, as well as those ini- 
tiated by the extrinsic endocrine factors that impact on 
the gland, is very clearly a finely-tuned and complex 
interactive system. As our understanding of these sig- 
naling pathways develops, the information that accu- 
mulates provides a greater insight into the potential 
consequences of their impairment and their rclation- 
ship to the pathogenesis of prostate disease. Cells that 
respond to external stimuli, such as those induced by 
KGF or FGF-2, depend on the presence of cell mem- 
brane-localized receptor proteins (Fig. 30.22). The sig- 
naling pathways, sometimes referred to as the 
phosphorylation cascade, are complex and interest 
centers on the mechanisms by which these various 
kinases are controlled. As stated earlier, fundamental 
to the hormonc responsiveness of the prostate gland is 
the inter-relationship between the signaling pathways 
that induce biological responses through steroid recep- 
tors and those activated through the binding of the 
peptide growth regulatory factors to the transmem- 
brane cell receptors. It would now appear that the 
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Fig. 30.21 Angiogenesis. 
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Fig. 30.22 Some complex aspects of signal transduction pathways. 


mitogenic effect of DHT on prostate epithelial cells is 
mediated by peptide growth stimulatory factors, prob- 
ably KGF (KGF-7), produced by the fibroblasts of the 
stromal compartment of the gland. 

The association of the growth factor with the exter- 
nal domain of membrane receptor initiates the signal- 
ing processes related to mitogenesis. Through a 
tyrosine-specific protein kinase (TK) situated on the 
intracellular domain of the receptor, the binding of the 
peptide triggers a cascade of intracellular signaling 
events (Fig. 30.21) that ultimately lead to the activation 
of proto-oncogenes and gene transcription (136, 137). 
Such signals would activate the c-myc, c-fos, and c-jun 
proto-oncogenes, all encoding proteins that are 
involved in normal growth regulatory processes within 
the prostate gland and which are referred to as tran- 
scription factors (TFs). As well as encoding for tran- 
scription factors, proto-oncogenes would also encode 
growth regulatory factors and their corresponding 
membrane-receptor proteins, as well as for the many 
and various components of the signal cransduction 
pathways (Fig. 30.22). 

The fos and jun proteins, either as fos jun het- 
crodimers, or as jun/jun homodimers, are components 
of the AP-1 transcription factor that specifically associ- 
ates with the AP-1 recognition sequences on the 
genome (Fig. 30.13) characterized by the -TGACTCA- 
nucleotide sequence (138, 139). The interaction 
between the two proteins on the genome represents a 


specific interaction between the ‘leucine zipper’ struc- 
tural domains of the proteins (140). The spatial dispo- 
sition of the HREs, or androgen-response elements, 
alongside AP-1 recognition sites in juxtaposition along 
the promoter region of an androgen responsive gene 
(Fig. 30.13), would therefore lead to functional interac- 
tion or synergism (141, 142), the interaction referred to 
as crosstalk between signaling pathways. It would be 
considered (143, 144) that the association of the 
steroid receptor complex to the genome would change 
the spatial orientation of the DNA such that the DNA 
strands ‘bend’, thereby offering easier accessibility to 
the transcription factors for their recognition sites. 

Little is known about the concentrations of 
DHT-AR necessary to support growth-factor signaling, 
nor of the sensitivity of these processes, which may be 
greater than hitherto believed. An even greater sensitiv- 
ity may be conferred on cancer cells (145). AR expres- 
sion is maintained in most androgen-resistant cancers 
of the prostate (146), and the presence of the AR itself 
may offer a growth advantage even in the presence of 
extremely low concentrations of androgen present in 
patients with prostate cancer on maximal androgenic 
blockade. 

The complexity of these inter-relationships is further 
emphasized in Fig. 30.23, which illustrates how other 
receptor proteins can probably interact with the TFs, to 
influence gene transcription (147, 148). The illustration 
simply depicts the potential protein-protein interaction 
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Fig. 30.23 Function interactions of crosstalk between signal- 
ing pathways: DHT; D, dihydrotestrosterone; AR, androgen 
receptor; TK, tyrosine kinase; GR, glucocortocoid receptor; 
RAR, retinoic acid receptor; Vit. D;R, vitamin D; receptor. 


of the retinoic acid receptor (RAR), the glucocorticoid 
receptor (GR), and the 1,25-dihydroxyvitamin D3 
(1,25-diOHvitD3) receptor (VDR) with the fos/jun het- 
erodimer complex that could thereby influence tran- 
scription activity (142). 


Early stages in the natural history 
prostatic cancer 


Impairment of the growth regulatory balance can lead 
to cellular hyperplasia with consequent genetic instabil- 
ity and subversion of the normal processes of growth 
restraint. Furthermore, proto-oncogenes that become 
dysfunctional through point mutations, deletions, 
amplification, or other changes that alter the structure 
or influence the expression of these growth regulatory 
genes, can induce carcinogenesis. 

From a study of the ductal budding and branching 
patterns in the developing prostate, Timms and his col- 
leagues (149) and Cunha et al. (150), re-emphasize the 
concept that the regional organization of the prostatic 
complex is determined by the regional heterogeneity of 
mesenchymal induction, with particular specific mes- 
enchymal effects induced along a budding axis. The 
influence of stromal hetcrogencity on prostatic growth 
and differentiation, effects that are ‘imprinted’ on the 
gland during fetal life by the action of the various 
steroid hormones in utero, including effects induced by 
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estrogens, is fundamentally important and relates to 
subsequent predisposition of various regions of the 
prostate to disease. 

This concept of imprinting and predisposition to 
disease is particularly important with regard to the role 
of estrogens on the developing fetal prostate (151). 
Timms and colleagues (152) reported that a physiolog- 
ical, 50% increase in the estradiol concentration within 
the male mouse fetus, produced from a maternal silas- 
tic implant, subsequently resulted in the development 
of an enlarged adult prostate gland, with a 6-fold 
increase in AR levels relative to controls. A 5-fold 
increase in the total serum estradiol levels resulted in a 
smaller adult prostate gland. 

The results suggest that estrogens can modulate the 
action of androgens by ‘in utero’, enhancing the sensi- 
tivity of the prostate to androgen and, moreover, the 
cffect is sustained throughout life, probably forming 
the basis of growth regulatory dysfunction and disease 
in later years. It is of interest, that the male mouse 
fetus, exposed to these physiological, small increases in 
estradiol levels, showed an immediate significant 
increase in the number of prostatic glands throughout 
the dorsal urogenital sinus, including the dorsocranial! 
region, a region considered homologous to the areas of 
the human prostate in which BPH originates. It is cer- 
tainly important to better understand the role of estra- 
diol in the prostate gland. 

Again, of particular interest, is that the biological 
action of estrogens on vasculature is associated with 
the production of nitric oxide, now secn as an impor- 
tant physiological regulator of endocrine systems, and 
implicated in the proliferation of smooth muscle cclls. 
Morcover, in relation to intracellular signaling, the 
presence of a specific plasma membrane-located recep- 
tor for an estradiol-SHBG complex, which was found 
(153) in the stromal elements of the human prostate, 
provides another pathway by which estradiol may 
influence prostatic growth. The estradiol-SHBG 
complex can induce intracellular signaling by promot- 
ing an 8-fold elevation in cAMP levels, which in the 
absence of androgens, can induce PSA expression. 

Furthermore, studies with the rat insulinoma 
RINmSE cell-line (154) suggest that the induction of 
nitric oxide (NO)-synthase and NO generation may 
influence apoptosis. The role of estrogens in relation to 
apoptosis in the prostate gland is, as yet, still to be pre- 
cisely determined. It has also been suggested (153) that 
the reaction between NO and superoxide that gives rise 
to the toxic peroxynitrite, may be implicated in the 
process of apoptosis, by which phagocytes engulf and 
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destroy forcign proteins, with ‘apoptopic genes’ encod- 
ing free radical scavengers. 


Diet and prostate disease: the 
concept of prevention 


The relationship of diet to prostate disease has been the 
subject of a recent major review (6) and interest now 
centers on certain isoflavonoids and lignans, products 
of vegetables, fruit, whole grains, and soya, that are 
metabolized by the gut microflora to give rise to com- 
pounds such as enterolactone, daidzein, and genistcin, 
weak plant estrogens, referred to generally, as the 
phyto-estrogens. 

The presence in plants of non-steroidal substances 
with estrogenic activity has been recognized for some 
time and may hundreds of plants manifest some 
degree of estrogenic activity. Soya bean and red clover 
are members of the leguminosae family, which is a 
major source of isoflavonoids, and soya is consumed 
daily in large amounts in a number of forms in China 
and Japan and in Asia generally. Many foods of plant 
origin contain varying amounts of isoflavonoids, 
flavonoids, and lignans and it is not unreasonable to 
assume that at least some of these polyphenolic 
phyto-estrogens could exercise a influence on estro- 
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gen-sensitive growth regulatory processes of the 
prostate gland. 

It is also necessary to consider the role of the dietary 
flavonoids in all discussions relating to the chemopre- 
vention of cancer of the prostate. The thesis must be 
that they, together with the isoflavonoids and lignans 
(Fig. 30.24), may exercise a restraining role in prevent- 
ing the development of the dormant, indolent latent 
carcinoma into the malignant aggressive cancer pheno- 
type (156). The flavonoids arc closely related in struc- 
ture to the isoflavonoids (Fig. 24), the former having 
a 2-phenylchroman nucleus and the latter a 
3-phenylchroman nucleus. Recently, several commonly 
occurring plant flavonoids have been shown to possess 
weak estrogenic activity (157). Unlike isoflavonoids, 
the flavonoids arc ubiquitous in nature and are found 
in high concentration in many fruits, vegetables, and 
crop species. In particular, apigenin and kacmpferol, 
both of which are estrogenic, are regarded as two of 
the major flavonoids because of their common occur- 
rence among plants, and thcir significant concentra- 
tions when thcy are present. Apigenin, for example, is 
found in the leaves, seeds and fruits of flowering plants, 
with up to 7% of dry weight in leafy vegetables. Tea- 
leaves are an excellent source of apigenin. 

The levels of isoflavonoids are high in the urine and 
plasma of the Japanese (Fig. 30.9) and Chinese whose 
traditional foodstuffs contain large amounts of soya in 
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Fig. 30.24 The concept that phyto-estrogens will restrain the progression of latent carcinoma to the aggressive phenotype. 
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the form of bean curd (tofu), soya bean milk, miso, and 
tempch. The concentration of lignans is high in the 
urine of vegetarians (158) whose diet contains whole- 
grain cereals, vegetables, and fruits. The concentrations 
of flavonoids in plasma and urine of different popula- 
tions have yet to be determined and is an obvious 
program for future research. However, as tca, fruit, 
and vegetables are the principal sources of flavonoids, 
it is probable that Asians with their high consumption 
of tca, and vegetarians, have significant circulating 
levels of these compounds. 

As already discussed earlier, it is not too difficult to 
envisage the growth restraining influence that such 
dietary factors could exercise on the development of 
prostatic disease (20, 159, 160). 


The way forward 


In proposing that dietary factors are responsible for the 
marked differences in the prostatic cancer incidence 
and mortality rates between East and West, there can 
rarely have been such convincing support than the 
identification of the large amounts relative to counter- 
parts in the West, of isoflavonoids, flavonoids, and 
lignans in the body fluids of Asian people as a conse- 
quence of a their high dietary intake. Moreover, this 
and a greater understanding of particular specific 
effects of the phyto-estrogens on the biological 
processes associated with carcinogenesis thereby 
provide support for the belicf that such compounds 
could restrain cancer development. Such information, 
which is currently accumulating at a most impressive 
rate, will be necessary to encourage those at the highest 
government level to strongly consider strategies for 
cancer, if not ‘Western disease’ prevention. The cncour- 
agement of individuals to recognize the probable 
healthcare benefits from such dietary changes, or an 
increase in the intake of such phyto-estrogens in food 
supplementation packages, throughout a lifetime, must 
also be seen as a major role for those now committed 
to such programm for prevention. 

Associated with this new cmphasis on prevention 
must be the realization that the ultimate proof of real 
benefit will reside in statistical evidence available some 
years into the new millennium. It must be seen that the 
strategy for prevention must firstly be health education 
directed specifically to the incidence, morbidity, and 
mortality associated with cancer, but particularly those 
of prostate and breast. The ‘relative vulnerability’ or 
degree of risk to those people who enjoy a conven- 
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tional Western diet, high in animal protein and low in 
cereals legumes, fruit, and vegetables, compared with 
the lesser risk of those with a soya-based Asian 
or Mediterranean vegetarian style of diet, must be 
emphasized. 

Dietary advice could follow. Already there is govern- 
ment encouragement for people to increase their con- 
sumption of vegetables, especially legumes, fruit, and 
cereals. More specifically, and with the intention of intro- 
ducing soya and its isoflavonoid content into the dict, 
there would be mention of the availability of soya-based 
food supplements that taken daily, enhance the levels of 
the phyto-estrogens, genistein and daidzcin, to those of 
the Chinese and Japanese people. Such soya preparations 
could be introduced into the regular diet such that there 
is minimal interference of the Western dictary style that 
most people would be loath to reject. The concept must 
be that the introduction of these dietary phyto-estrogens 
offers the possibility that their potential restraining 
influence on those biological processes implicated in car- 
cinogenesis can provide at best significant health benefit, 
but at worst, can do little damage. 

With the often stated reluctance, even hostility, to 
fundamental dietary change, the realization and accep- 
tance that there is available an ‘easy fix’ that provides a 
specific, dietary supplementation of isoflavonoids and 
lignans to be taken along with the individual food pref- 
erences, must be seen as the way forward. 

There have already been successful trials of a proto- 
type supplement at the Tenovus Cancer Research 
Centre. Epidemiological studies have noted-lesser inci- 
dence of prostate cancer in Eastern Europe and 
Finland, and also in the immigrant communities of 
these peoples in Canada and Australia, where the origi- 
nal dietary customs tend to be preserved. Their tradi- 
tional bread contains rye and buckwheat flour, which 
is significantly richer in lignans than wheat flour and 
loaves that often have whole flaxseeds added. The 
resultant multigrain loaf is therefore a rich source of 
dietary lignans and, as bread, is consumed daily in 
quantity. This may have some relevance to the reduced 
occurrence of prostate cancer in these communities. 

A necessary strategy of health education must also be 
envisaged in Asian countries to ensure knowledge of 
the existing health benefits of their traditional soya- 
based dietary habit. This is particularly necessary when 
population groups in Asia acquire any degree of 
affluence, since there already has been recognized a 
willingness to encompass Western dietary habits that 
would be supported by the ‘fast food’ industry. 

It remains to be determined whether the dictary con- 
stituents, the isoflavonoids, flavonoids, and lignans 
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exercise their biological effect as antioxidants, weak 
estrogens, anti-estrogens or, indeed, as inhibitors of 
those signaling pathways driven by the ubiquitous 
growth regulatory factors. Tamoxifen, which is recog- 
nized as acting as a weak estrogen in its universal use 
in the clinical management of breast cancer as a weak 
estrogen, is being investigated as to its efficacy in the 
prevention of the disease in women considered ‘at risk’. 
Already recognized, however, are the beneficial 
influence it elicits with regard to cardiovascular disease 
and osteoporosis in women. 

Hormone replacement therapy (HRT), which is 
essentially low-dose estrogen therapy and controls 
menopausal problems, such as hot flushes, also pro- 
vides longer term benefits in restraining cardiovascular 
disease and osteoporosis. It is noteworthy that 
menopausal Japanese women have a lower frequency 
of hor flushes than their Western counterparts (161) 
which presumably can be attributed to their soya-bascd 
diet and its associated weak estrogen content. 

Although probably the benefits of dietary interven- 
tion can readily be promulgated, there might be 
concern amongst men that a greater intake of weak 
estrogens could produce certain undesirable side- 
effects, such as feminization. Although understandable, 
reassurance would come from the absence of such 
effects in the vast male population of Asia, consuming 
a life-long traditional soya dict. The traditional Asian 
male assumes all aspects of a healthy male life and is 
abundantly fertile, whilst at the samc time enjoying a 
significantly reduced risk of prostatic malignancy. 

Appropriate chemopreventive trials of phyto-estro- 
gens may be difficult to establish and certainly may be 
seen as expensive. They must, however, be supported 
and although certain mild adverse side-effects may 
emerge from current lack of knowledge of biological 
processes, this must be seen from our current under- 
standing of the Asian people as being of minimal risk. 
Certainly, if the aim of such studies is to evaluate the 
influence of enhancing the concentrations of particular 
isoflavonoids or lignans in the study groups merely to 
the pre-determined levels of the Asian people, it is rea- 
sonable to anticipate that any adverse effects would be 
negligible. 
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Sherry Campbell Grumet 


Introduction 


Into your practice walks a man with a family history of 
prostate cancer. There are several questions that may 
arise in your discussion, including: What is my risk to 
develop prostate cancer? How does my family history 
factor into this risk? Is genetic testing available? How 
can I reduce my risk or prevent prostate cancer? What 
screening is available and how well does it detect 
prostate cancer? Who else in my family is at risk? How 
do [ get reliable and up-to-date information about 
prostate cancer issues? Genetic counseling is the 
process of answering some of these questions (1). 

Recent advances in cancer genetics have resulted in 
the discovery of genes responsible for the inherited pre- 
disposition of certain types of cancer. As a result, pro- 
tocols for cancer genetic counseling have been 
developed to accommodate the growing demand for 
genetic information, Cancer genetic counseling proto- 
cols were researched and developed in response to the 
discovery of the breast/ovarian cancer predisposition 
genes, BRCA1 and BRCA2, and the hereditary colon 
cancer predisposition genes for FAP and HNPCC. 
Cancer risk assessment and genctic testing has enabled 
some high-risk individuals to receive more accurate 
information about their risk status. Genetic informa- 
tion is already being applicd to clinical practice, in 
which a genetic diagnosis may dictate screening fre- 
quency, prophylactic surgery, or chemoprevention 
strategies. Once prostate cancer predisposition genes 
are identified and characterized, the options for clinical 
management based on a genetic diagnosis may be pos- 
sible. In this chapter, genetic counseling methods used 
for other hereditary cancer syndromes have been 
adapted and combined with our knowledge of prostate 
cancer into a prostate cancer genetic counseling proto- 
col (Tables 31.1 and 31.2). 


Genetic counseling for prostate cancer 


Table 31.1 Components of a prostate cancer genetic 
counseling session 


Assessing patient’s necds 
Contracting, 

Education 

Gencrate and cxpand family pedigree 
Risk assessment/information 
Screcning/life-style recommendations 
Genetic testing options/issues 
Referrals 


Patient assessment 


The first and most important step in genctic counscling 
is to assess the patient’s educational and psychosocial 
needs. The goal is to elicit, understand, and adapt the 
counseling to the knowledge, experience, assumptions, 
and beliefs that are unique to the patient (2). If not 
already familiar with the patient’s background, asking 
him to describe the circumstances that led him to seck 
information and counscling gives the patient the oppor- 
tunity to ‘tell their story’ and the healthcare profes- 
sional the opportunity to build a rapport with the 
paticnt. The patient’s personal narrative may include 
references to personal issues within their family, risk 
Perceptions, specific concerns, and information that 
they may have already gathered (2). Concerns, ques- 
tions, gaps in information, and misconceptions can 
now be addressed during the counseling process. Also, 
allowing the patient to ‘tell their story’ and state their 
concerns invites the patient to be more involved in 
structuring their genetic counseling session and gives 
the counselor direction as to what topics or concerns 
the patient is interested in discussing. 

The next step is contracting. Contracting between 
the patient and healthcare professional is the process of 
discussing and agrecing on the specific goals of the 


Genetic counseling for prostate cancer 


Table 31.2 Prostate cancer genetic counseling checklist 


Prostate cancer education session 
Prostate anatomy and function 
Epidemiology of prostate cancer 
Risk factors for prostate cancer 
Chromosomes, genes and their function 
Role of genes in cancer initiation and progression 
Sporadic vs. hereditary cancer 
Inheritance pattern (autosomal dominant, recessive of 
X-linked) 
Review sporadic, familial and hereditary pedigrees 
Prostate cancer risk based on ethnicity or family history 
Signs and symptoms of prostate cancer 
Current prostate cancer screening or prevention methods 
Nutrition and exercise guidelines 
(When available) genctic testing options and the risks, 
limitations and benefits of genetic testing 


Individualized components 
Document personal health, screening and exposure history 
Expand and discuss family history of cancer and 
non-cancerous conditions 
Discuss risk for cancer based on ethnicity or family history 
Discuss the influence of environment and/or a genetic 
predisposition on their risk 
Review screening guidelines for prostate cancer 
Explain current options for reducing the risk for prostate 
cancer 
When available and when appropriate, discuss their option 
for genctic testing 
Identify other family members that are at increased risk 
for prostate cancer 
Discuss screening guidelines for other types of cancer 
Explore psychosocial issues surrounding their personal 
risk for cancer and their family dynamics 


session. Review the topics of information that will be 
discussed during the meeting and inquire as to the 
patient’s specific concerns and questions. When possi- 
ble, it is often helpful to address specific concerns or 
questions at the beginning of the session. Clarifying 
goals and involving the patient at the beginning of the 
session benefits both the counsclor and the patient, and 
helps make the session more productive. 


Education 


Many people believe knowledge is power. For those 
individuals affected by or at risk for a genetic condi- 
tion, having knowledge or access to knowledge about 
the diagnosis, etiology, and management implications 
imparts the power to respond to their particular life 
situation. A person who has unanswered questions, 
who is confused by the information they have received, 


431 


and who has extreme fear may have trouble seeking 
medical attention (2). The communication of informa- 
tion in a manner that is compatible with the patient’s 
level of education, attitudes, and beliefs may empower 
that individual. 

A person undergoing counseling and screening for a 
potentially hereditary diseasc must assimilate a great 
deal of complicated information about genetics and 
cancer. The basic principles of cancer genetics as it per- 
tains to prostate cancer, patterns of inheritance, risk 
factors for prostate cancer, nutritional information, 
signs and symptoms of prostate cancer, and prostate 
cancer screening and diagnosis are generally reviewed 
with the patient (Tables 31.2 and 31.3, Fig. 31.1). 
Educating the patient at the beginning of the session 
allows the individual to use this information as it per- 
tains to their situation as the counselor takes a family 
history and assesses risk. Information may give the 
patient a sense of power over their situation and their 
questions and discussion during the session will be 
more targeted and meaningful. 


Taking a family history 


Risk assessment and counseling is dependent on 
obtaining accurate and detailed information about the 
family’s physical and psychological health, and the 
dynamics of the relationships between family members. 
The family history is the basis for determining the 
inheritance pattern of a disease, determining risk, and 


Table 31.3 Prostate cancer genetic counseling history, 
containing a list of commonly asked questions during the 
pedigree expansion 


Clinical history questions 


è Full name 
¢ Date of birth/date of death 
e Risk factors for prostate cancer or other types of cancer 
{i.e. exposures, occupation, life-style) 
© History of surgeries, medical procedures or chronic 
illnesses 
e History of cancer biopsies 
e History of cancer diagnosis; 
What was the primary site of the cancer? 
How was the cancer discovered? 
What was the specific diagnosis? 
What was the stage at diagnosis? 
What was the course of treatment? 
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Personal 
Cancer 
Risk 


Fig, 31.1 A man’s risk of developing prostate cancer is depen- 
dent on genctic and non-genctic factors. 


assessing educational and psychosocial counseling 
needs for the patient. 

A family pedigree is the diagram that records the 
family history information and provides an casy-to- 
follow picture of the family’s cancer status. The person 
seeking information and risk assessment is considered 
the proband. A three-generation pedigrec containing 
information on the patient, their first-degree relatives 
(children, siblings, parents), second-degree relatives 
(half-sibling, aunts, uncles, nieces, nephews, grandpar- 
ents, and grandchildren), and third-degree relatives 
(first cousins) should be completed for each patient. It 
is also helpful in assessing cancer risk to ask about the 
patient’s grandparent’s siblings. Documenting the 
history of family members who did not develop cancer 
is just as important as documenting those who did 
develop cancer when assessing cancer risk. Information 
on affected family members should include the primary 
site of cancer, age of diagnosis, potential environmental 
factors or exposures, which may have contributed to 
the development of the cancer, and their ethnicity. In 
some cases, it may be necessary to request medical 
records to verify this information. Table 31.3 contains 
a list of commonly asked questions during the pedigree 
expansion. Please refer to Bennett et al. (3) for a 
detailed step-by-step explanation on constructing a 
pedigree. 

Although the focus of the pedigree may be cancer, 
asking questions about other medical conditions is also 
necessary. For example, it may become apparent that 
the patient has a greater risk for developing heart 
disease than prostate cancer, or other genetic disorders 
may be identified in the family when reviewing the 
pedigree. In these cases, non-cancerous conditions 
should be discussed; however, it may be necessary to 
make referrals to other healthcare specialists. In addi- 
tion, asking about other medical conditions may give 
the counselor an idea of what the patient’s experience 
has been with disease and the healthcare system, which 
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may have an impact on the patient’s willingness to 
follow through with screening and their ability to psy- 
chologically deal with the information presented to 
them during genctic counseling (1). 


Risk assessment 


All men are at risk of developing prostate cancer. A 
man’s risk is dependent on genetic and non-genetic 
factors (Fig. 31.1). African-American ancestry, age, and 
family history of prostate are the most significant risk 
factors and can be used to determine risk for develop- 
ing prostate cancer. ln addition, there is data that sug- 
gests a family history of breast/ovarian cancer may also 
be a risk factor for prostate cancer. A diet high in fat 
and certain environmental exposures may also con- 
tribute to the initiation or progression of prostate 
cancer. 


Diet and environmental factors 


Risk assessment may include analyzing the patient’s 
diet and making suggestions as to how to improve 
nutritional habits. More research is needed to deter- 
mine the role dict plays in the initiation and progres- 
sion of prostate cancer. Thus far, the strongest evidence 
indicates that some component of animal fat intake 
appears to be a promoter of prostate cancer. Although 
more rescarch is needed, other dietary factors, such as 
vitamin C, vitamin D, vitamin F, beta-carotene, and 
lycopene may confer protection (4). Promoting a 
healthy diet and exercise may not only decrease the risk 
for prostate cancer, but for other cancers and medical 
conditions as well. 

The link between certain environmental exposures 
and prostate cancer still remains allusive. Men with 
occupations involving heavy physical labor, rubber 
manufacturing, and newspaper printing may have a 
slightly higher incidence of prostate cancer. There has 
been some suggestion that long-term exposure to 
cadmium, a compound used in battery, paint, and ciga- 
rette manufacturing, may increase the risk for prostate 
cancer (5,6). Cigarctte smoking, vasectomy, and sexu- 
ally transmitted diseases have also been under investi- 
gation; however, conflicting data has yct to implicate 
these factors with an increased incidence of prostate 
cancer (7). At this time, not enough conclusive infor- 
mation is known about environmental exposures to 
incorporate them into the risk-asscssment process. 


Genetic counseling for prostate cancer 


African-American ancestry 


African-American men have the highest incidence of 
prostate cancer in the world and are two to three times 
more likely to die from prostate cancer compared to 
American-Caucasian men. The clinical incidence of 
prostate cancer is 30-50% greater among African- 
Americans than Caucasian-Amcrican men (8); 
however, there appears to be no significant difference 
in the incidence of the latent form of prostate cancer 
between these two groups (9). It is speculated that 
African-Americans consume a diet higher in fat, which 
may account for the difference in the progression of 
latent prostate cancer in African-American men (10). In 
addition, there is some evidence that African-American 
men may be exposed to elevated levels of androgens 
throughout life and that there may be other genetic dif- 
ferences that may contribute to the variations in inci- 
dence and aggressiyeness of prostate cancer between 
races (11). 

The mortality rate from prostate cancer is two to 
three times greater in African-American men between 
the ages of 40-70 compared to age-matched 
Caucasian-American men (12). The difference in mor- 
tality rate could be due to a more virulent form and/or 
the delayed diagnosis of prostate cancer in the African- 
American population (13). The delay in diagnosis may 
be a result of certain barriers to healthcare, including 
the distrust of the healthcare system, fear of being diag- 
nosed with prostate cancer, associating prostate cancer 
with death, concerns about treatment side-effects, and 
the lack of health insurance (14). 


Age 


The incidence of prostate cancer sharply increases with 
advancing age. In fact, prostate cancer risk increases 
faster with age compared to any other cancer. 
Approximately 77% of men diagnosed with prostate 
cancer are over the age of 65 and the average age of 
diagnosis is approximately 70 years. 

Inherited genctic factors are particularly important if 
there is a history of carly onsct prostate cancer (< 65 
years). First-degree relatives of men who developed 
prostate cancer before the age of 53 years had a cumu- 
lative lifetime risk of 40% for developing prostate 
cancer compared with the risk of 18% in men with a 
relative that was diagnosed over the age of 65 (15). 
However, research indicates that relying on age of 
diagnosis as a guideline to determine whether a case of 
prostate canccr is a result of heritable factors may not 
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always be useful. Hereditary prostate cancer cases may 
only occur 6-8 years younger than sporadically occur- 
ring cases (15). In addition, the counselor must keep in 
mind that the age a family member was diagnosed with 
prostate cancer may depend on how advanced medical 
care and prostate cancer screcning was at the time and 
place the person was diagnosed. As our detection 
methods improve and more men seck medical attention 
annually, the age at which sporadically occurring 
prostate cancer is detected may decrease. 


Family history and hereditary prostate 
cancer 


The Mormon population in the state of Utah has 
served as an important cpidemiological cohort for the 
study of hereditary cancers, due to their extensive 
genealogical records, which makes it possible to collect 
information on hundreds of individuals that are 
descendants from a common ancestor. Case control 
analysis of this population found that overall, cancer of 
the prostate appearcd the most ‘familial’ of all cancer 
sites (16). 

Approximately 25% of all men diagnosed with 
prostate cancer have a known family history (17). 
Family history of prostate cancer can be divided into 
three categories: sporadic, familial, and hereditary. 

The majority of prostate cancer occurs sporadically, 
and the family history usually includes only one known 
case of late-onset prostate cancer (Fig. 31.2). First- 
degree relatives of a man diagnosed with prostate 
cancer have a 2- to 3-fold increased risk for developing 
prostate cancer compared to the general population 
(18). However, there may be an additional risk if this 
single case of prostate cancer occurred at a young age. 


Sporadic Family History 


English/Irish Italian 


Prostate, 72 


/ 


Fig. 31.2 A family pedigree is the diagram that records the 
family history information and provides an easy-to-follow 
picture of the family’s cancer status. 
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Familial Family History 


African-American African-American 


Prostate, 68 


Prostate, 63 


Fig. 31.3 


Also, there is evidence that a diagnosis of prostate 
cancer in a brother results in a greater risk than a diag- 
nosis in a father. One study found that, compared with 
men with no family history of prostate cancer, men 
with a history of prostate cancer in a father had a 2-3- 
fold increased risk, but men with a family history of 
prostate cancer in a brother had a 4-5-fold increased 
risk (19). 

Familial prostate cancer appears as a clustering of 
prostate cancer in a family, which may include two 
brothers or a father and son (Fig. 31.3). The etiology 
of familial prostate cancer may involve the combina- 
tion of several mechanisms, such as shared environ- 
mental factors, similar diets, and a genctic 
predisposition (20). In general, first-degree relatives of 
a man diagnosed with prostate cancer have a 2- to 3- 
fold increased risk, and this risk increases as the 
number of affected relatives increases, i.e. men with 
two first-degree relatives with prostate cancer may have 
a 5-fold increased risk, and men with three first-degree 
relatives may have an 11-fold increased risk (18, 21, 
22). In addition, first-degree relatives of men with early 
onset prostate cancer have a greater risk compared to 
men whose relatives had a late onset cancer. 


Hereditary prostate cancer 


It has been estimated that approximately 9% of all 
prostate cancers occurring by age 85 and 43% of 
prostate cancers diagnosed under the age of 55 are a 
result of an inherited predisposition (15). Hereditary 
prostate cancer should be considered for families that 
present with multiple cases of prostate cancer and/or 
with early-onset prostate cancer (20). General guide- 
lines for identifying hereditary prostate cancer include 
a clustering of three or more affected relatives within a 
nuclear family, such as a father and two sons, or two 
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relatives with early onset prostate cancer (< 55 years), 
or the occurrence of prostate cancer in each of three 
generations (Fig. 31.4) (17, 20). Since hereditary 
prostate cancer can be inherited from a individual’s 
mother (Fig. 31.5), the maternal family history must 
also be considered. 


Genetics of prostate cancer 


Despite the fact that prostate cancer is the leading 
cancer in men and approximatcly 9% are believed to 
be hereditary, the genetics of hereditary prostate cancer 
have not been uncovered, Attempts to identify and 
characterize genes predisposing to prostate cancer 
(prostate cancer predisposition genes) have been ham- 
pered by: 


(1) locus heterogeneity (more than one prostate 
cancer gene); 


Hereditary Family History 


English/Irish 


German 


Prostate, 68 


Prostate, 63 


7 Prostate, 59 
Fig. 31.4 


Maternal Family History 


Irish 


English/Irish 


Prostate, 68 


Prostate, 63 


Fig. 31.5 


Genetic counseling for prostate cancer 


2: high phenocopy rate (a sporadic prostate cancer 
in a family with hereditary prostate cancer 
syndrome); 


3 late age of onset of the discase; 


4 absence of distinguishing clinical features; 
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difficulty in finding cxtended pedigrees with large 
numbers of living affected members who are 
informative for linkage analysis (23). 


Early research demonstrated the existence of one or 
several autosomal dominant prostate cancer predisposi- 
non genes with a penetrance (proportion of individuals 
who inherit a prostate cancer gene mutation who will 
develop prostate cancer) as high as 88% (15). Once 
prostate cancer predisposition genes arc identified and 
characterized, more precise risk estimates for prostate 
cancer will be knowp. 

Genome-wide screens of putative hereditary prostate 
cancer families have yielded four proposed loci (loca- 
sion of a gene on a chromosome) for prostate cancer. 
The first prostate cancer predisposition locus, 
1924-q25 (HPC1), was discovered by linkage analysis 
of 91 families from the USA and Sweden. Smith et al. 
24) estimated that germline mutations in HPC1 
accounted for approximately 34% of prostate cancer in 
the studied families and roughly estimates that 1 in 500 
individuals in the United States may be a carrier of a 
mutated HPC1 gene. This study also found the average 
age of diagnosis was 65 years, with an age range of 
39-85 years (24). Early onset cancer, higher grade 
tumors, and more advanced-stage discase at diagnosis 
may predict the families who carry a mutation in 
HPC1 (25). A linkage study using 47 French and 
German families with three or more prostate cancers 
diagnosed per family, resulted in linkage to a possible 
prostate cancer predisposition locus at 1q42.2-q43 
‘HPC2 or PCAP) (26). In addition to HPC1 and 
HPC2, there is evidence for a third prostate cancer pre- 
disposition locus at the chromosome 1p36 region. In 
fact, a significant portion of familics with both a high 
risk for prostate cancer and a family member with 
brain cancer show linkage to the chromosome 1p36 
region (27). 

In the past, several population-based studies have 
reported a statistically significant excess risk of prostate 
cancer in men with affected brothers when compared 
to those with affected fathers. This is consistent with 
an X-linked or autosomal recessive mode of inheritance 
(23, 28). In fact, a study by Xu et al. discovered four 


435 


independent family collections that provided evidence 
for linkage to the Xq27-28 locus (23). 

There may be indirect genetic factors, called modifier 
genes, that play a minor role in prostate cancer initia- 
tion and progression. For example, there is the possible 
involvement of gencs that affect the metabolism or cir- 
culating levels of androgens (29). Inheriting a certain 
combination of alleles (variations of a gene) could 
allow for an increased amount of circulating andro- 
gens, possibly increasing the risk for prostate cancer, 
while another combination of alleles may result in a 
better metabolism of androgens, resulting in a reduc- 
tion of risk. The inheritance of modifier genes may be 
more complicated than a simple Mendelian pattern like 
autosomal dominant or X-linked inheritance, which 
are discussed later in this chapter. 


Inheritance patterns of hereditary prostate 
cancer 


Based on the previously described loci implicated as 
potential sites for prostate cancer predisposition gencs, 
hereditary prostate cancer is believed to follow two 
inheritance patterns: autosomal dominant and X- 
linked. 

In the Mendclian model, humans have two copies 
(alleles) of each gene, one paternal and one maternal, 
that determines a physical trait or disease. Autosomal 
dominant discases are those in which only onc mutated 
gene (hetcrozygous state) is required, compared to 
autosomal recessive diseases in which both alleles are 
required to be mutated (homozygous statc) for the 
disease to be expressed. A person who is a carrier of a 
germline mutation (mutation in a gene that may be 
inherited from a parent and passed to offspring) in a 
prostate cancer predisposition gene will pass the 
mutant allele to his or her children 50% of the time 
(Fig. 31.4). A male child that inherits a germline muta- 
tion in a prostate cancer predisposition gene has the 
potential to develop prostate cancer. The percentage of 
risk is dictated by the penetrance of that particular 
prostate cancer predisposition genc. The siblings of the 
individuals who carry a germline mutation each have a 
50% chance of inheriting the same mutation. Both men 
and women can pass an autosomal dominant prostate 
cancer predisposition gene mutation to their children. 

Characteristics of an X-linked inheritance pattern are 
different from autosomal dominant inheritance. The X 
and Y chromosomes are the human sex-determining 
chromosomes and determine if a child will be female 
(XX) or male (XY). Therefore, a father who carries a 
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BRCA1 Family History 


Eastern European 


English/Irish Ashkenazi Jewish 


Breast, 39 Prostate, 68 
Ovarian, 45 


/ Bilateral Breast 
Rt. Breast, 41 Lt. 
Breast, 49 


Ovarian, 46 


Fig. 31.6 


germline X-linked prostate cancer predisposition gene 
mutation will not pass the mutation to his sons; 
however, all of his daughters will inherit the X-linked 
prostate cancer predisposition gene mutation (Fig. 
31.6). Each child, sons and daughters, of a women 
who is a carrier of a germline X-linked prostate cancer 
predisposition gene has a 50% chance of inheriting the 
mutant allele. Again, the risk for men who inherit an 
X-linked prostate cancer predisposition gene mutation 
depends on the penetrance of that particular gene. 


Family history of breast cancer 


There are data to suggest that a family history of breast 
and/or ovarian cancer is a risk factor for prostate 
cancer. In addition, the combination of a family history 
of breast/ovarian and prostate cancer (on the same side 
of the family) may be an even stronger risk factor. A 
population-based cohort study of family history and 
risk of incident prostate cancer that adjusted for major 
confounding factors discovered that men with a family 
history of breast and/or ovarian cancer were at a 70% 
increased risk to develop prostate cancer. If there was a 
history of prostate and breast/ovarian cancer, the risk 
to develop prostate cancer was increased 480% (19). 
Part of the increased risk for prostate cancer 
observed when there is a family history of 
breast/ovarian may be due to the inheritance of a muta- 
tion in the BRCA1 or BRCA2 gene. A woman who is 
found to be a carrier of a BRCA1 or BRCA2 germline 
mutation has a significantly increased risk of develop- 
ing breast and/or ovarian cancer (Fig. 31.7). These 
cancers tend to be early onset, especially cancers associ- 
ated with BRCA1, which tend to present prior to 
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menopause. Men who carry a germline mutation in 
BRCA1 or BRCA2 have a 2-4-fold increased risk for 
developing prostate cancer due to a BRCA1 or BRCA2 
mutation segregating in their family (30, 31). BRCA1 
and BRCA2 follow an autosomal dominant pattern of 
inheritance. 


Genetic testing 


In the future, genetic testing for a prostate cancer pre- 
disposition gene may help determine if the prostate 
cancer observed in a family is hereditary. Genetic 
testing is the process of determining if a person has 
inherited a germline mutation in a particular gene. But 
genetic testing is more than just a blood test, in fact 
there are substantial ethical, legal, and social implica- 
tions associated with genetic testing. 

Genetic information possesses unique characteristics 
when compared to other diagnostic tests, therefore, 
genetic testing requires a thorough informed consent 
process. For example, genetic test results affect an 
entire family. Once a family member is found to be a 
carrier of a genetic mutation that predisposes to cancer, 
other family members could potentially be at risk. 
Psychosocial issues may arise within the family, includ- 
ing guilt for passing a gene mutation to their children, 
or even conflict over having genetic testing and learning 
test results. Genctic information has symbolic meaning 
in our culture because our genetic material may deter- 
mine our physical and psychological destiny (2). 
Genetic information may stigmatize a particular person 
or ethnic group. Also, genetic test results present a new 
category and challenge for medical professionals. A 
patient is suddenly reclassified from healthy to at-risk 
and the level of predicting whether that person will 
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zevelop cancer may be uncertain. In addition, the 
genetic test process is sometimes complicated by unin- 
rormative or ambiguous test results, which can be con- 
fusing and frustrating to the patient and the physician. 

The benefits, risks, and limitations of genetic testing 
must be reviewed with the patient before they can give 
informed consent for genctic testing. Potential benefits 
gained by genetic test results include: 


(1) better estimation of personal cancer risk; 


(2) better able to make informed decisions about 
screening and cancer-prevention methods; 


(3) able to identify other family members at risk; 


(4) reduced anxiety and screening for family 
members who are negative for a known family 
mutation; 


(5) to know why prostate cancer is in their family. 


Potential limitations of genetic testing include the fact 
that genetic information does not predict if, or when, 
the cancer will occur, and sometimes test results may 
be uninformative of ambiguous. Potential risks associ- 
ated with genetic testing may include the potential for: 


(1) employment or insurance discrimination; 
(2) social stigmatization; 
(3) negative emotional reaction; 


(4) conflict within the family over learning and dis- 
cussing genetic information and cancer risk. 


Because of the potential risk and limitations of genetic 
testing, the decision to proceed with testing is a per- 
sonal decision the patient and his family must make 
once they are fully informed about the implications of 
genetic testing. The genetic counselor plays a non- 
directive role, helps facilitate the decision-making 
process and promotes patient autonomy. 


Screening guidelines 


Prostate cancer screening, including annual digital 
rectal exam (DRE) and prostate-specific antigen (PSA) 
testing beginning at the age of 40, for men at increased 
tisk for developing prostate cancer may help detect 
prostate at an carly, curable stage. Individuals who 
could benefit from screening should be informed about 
potential benefits and limitations of prostate cancer 
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screening. Inform the patient of the sensitivity, 
specificity, and positive predictive value of the screen- 
ing test. In addition, explaining the criteria for biopsy 
and the diagnostic process will prepare the patient in 
the event of an abnormal result. Based on family 
history, personal risk factors, or general population 
screening recommendations, it may also be beneficial to 
discuss screening guidelines for other cancers and 
medical conditions. 


Psychosocial counseling 


By communicating cancer risk information and genetic 
test results in medical practice, healthcare professionals 
have the potential to motivate high-risk individuals to 
adhere to cancer prevention and surveillance; however, 
there might be adverse psychologic and social conse- 
quences as well (32). Men seeking information about 
their risk of developing prostate cancer, or who receive 
genetic test results, must come to terms not only with 
their risk of developing cancer, but also the possibility 
that other members of their family, even their children, 
may be similarly at risk. Emotional reactions such as 
anger, guilt, fear, and gricf may be cxperienced by 
learning cancer-risk information. In addition, support- 
ive and grief counseling may be important for an unaf- 
fected family member dealing with the diagnosis of 
prostate in a relative and the potential loss of a loved 
one (33). For these reasons, it is important to set aside 
time during the genetic counseling session to inquire 
about the feelings the patient may have concerning his 
risk and family history of prostate cancer, and how the 
family has dealt with the diagnosis of cancer. Discuss 
with the patient support systems that have helped him 
cope with anxiety and or problems in the past. In addi- 
tion, identify referrals for more information or counsel- 
ing, when appropriate. 


Support groups/educational 
resources 


Support groups and educational resources are offered 
through two organizations based in the United States. 
These groups offer men education, support, and 
promote the awarcness of prostate cancer and screen- 
ing through newsletters, educational presentation, web- 
sites, and support groups. In addition, contact your 
social services department at your institution to find 
local recourses and support groups. 
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e Us TOO International, Inc. is based at PO Box 
3083, Oak Brook, IL, 60522-9767, USA., 1-800- 
808-7866, www.ustoo.com, There are over 500 US 
TOO chapters located in the US, Canada, Australia 
and Europe. 

e Man-to-Man group is offered through the 
American Cancer Society and can be contacted at 


1-800-227-2345, www.cancer.org/m2m/m2m_goals. 


html. 


Case examples 


Case 1 


A 46-year-old man reports that his father developed 
prostate cancer at the age of 73. He has two paternal 
uncles and a paternal grandfather who lived into their 
70s and did not develop prostate cancer. His maternal 
and paternal family histories are negative for other 
types of cancer. Based on the fact that his father’s 
prostate cancer was late-onset, and the fact that his 
paternal family history includes several men who lived 
into their 70s without cancer, the proband’s risk to 
develop prostate cancer is increased 2-3-fold. The 
counselor should advise the patient on the guidelines, 
limitations, and benefits of prostate cancer screening. 
In addition, psychosocial issues regarding anxiety asso- 
ciated to his risk should be addressed in addition to 
other issucs the paticnt may raise during the session. 


Case 2 


A 50-ycar-old man reports that his father, an only 
child, devcloped prostate cancer at the age of 51 and 
subsequently died from the cancer. His paternal grand- 
father dicd in a car accident at the age of 40. His 
maternal family history is negative for cancer. Risk 
assessment for this man is difficult since his paternal 
family size is small and his paternal grandfather died at 
a young age. The fact that his father was diagnosed at 
a young age with prostate cancer raises the possibility 
that there may be a hereditary predisposition in his 
family. First-degrce relatives of men who developed 
prostate cancer before the age of 53 years may have a 
cumulative lifetime risk of 40% for developing prostate 
cancer (15). The counselor should advise the patient on 
the guidelines, limitations, and benefits of prostate 
cancer screening, The counselor should also identify 
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other at-risk family members and offer counseling or 
referrals for counseling. In addition, psychosocial issues 
regarding anxiety with regards to his risk should be 
addressed. This is especially important since the patient 
is nearing the age his father was diagnosed with 
prostate cancer. The counselor should try to help the 
patient understand that feeling anxious as he nears the 
age his father was diagnosed is a normal reaction. In 
addition, explore support systems and provide referrals 
for information and counseling, if needed. 


Case 3 


The patient is a 52-ycar-old man who reports that his 
brother was just diagnosed with prostate cancer at 
the age of 56. In addition, his father was also diag- 
nosed at the age of 63 and his paternal grandfather 
at the age of 68. This family history fits an autosomal 
dominant hereditary pattern of inheritance. The 
patient may have a 50% chance of having inherited 
the prostate cancer predisposition gene mutation in 
his family. His risk for developing cancer if he did in 
fact inherit the mutated allele may be as high as 88% 
(15). The counselor should advise the patient on the 
guidelines, limitations, and benefits of prostate 
cancer screening. Also, the counselor should identify 
other at-risk family members and offer counseling or 
referrals for counseling for these individuals. In this 
case, searching for a hereditary prostate cancer 
research program may allow the patient and his 
family to gain more information about their risk and 
allow them to further research on hereditary prostate 
cancer. Genetic testing in the future would be an 
option for this family. In addition, psychosocial 
issues regarding anxiety with regards to his risk 
should be addressed. This is especially important 
since his brother was recently diagnosed. The coun- 
selor may also inquire about the family’s beliefs with 
regard to what is causing cancer in the family and 
how well the family is coping with the diagnoses. 
Since there is the possibility that this is an inherited 
form of prostate cancer, the counselor may also want 
to explore feelings of anger and guilt duc to the pos- 
sibility of inheriting a predisposition to prostate 
cancer, and also the possibility that hc may have 
passed this risk to his children. In addition, explore 
support systems and provide referrals for informa- 
tion and counseling, if needed. 
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Conclusion 


Cancer genetic counseling is the communication process 
between healthcare professionals and their patients con- 
cerning the occurrence, or risk of occurrence, of cancer in 
his or her family (1). The counseling process combines 
education, risk assessment, and health promotion. 
Genetic counseling also includes facilitating decision- 
making surrounding genetic testing, addressing psychoso- 
cial concerns, assisting the patient with coping and 
reducing anxiety, and helping the patient identify support 
systems. Once prostate cancer predisposition genes are 
identified and characterized, more precise risk estimates 
for prostate cancer will be known, the option of genetic 
testing can be provided to men with a family history of 
prostate cancer, and the molecular mechanisms of 
prostate cancer will be better understood. Genetic infor- 
mation may be the key to answering many of the ques- 
tions men have about their family history and their risk 
to develop prostatc. The genetic counseling process is 
responsible for imparting this information to the patient 
and promoting patient autonomy. 
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meta-analyses 


Nancy A. Dawson and Jon L. Hopkins 


Introduction 


Meta-analysis is a procedure to systematically research 
and collect published and (ideally) unpublished ran- 
domized clinical trials (RCTs) of treatments and quan- 
titatively summarize their results, in order to obtain an 
objective assessment of efficacy. Randomized trials are 
effective, and usually unbiased, for showing the 
average results in a selected outcome variable for treat- 
ment. A versus treatment B, and meta-analyses will 
produce an average of these averages. The number of 
meta-analysis or overviews appearing in the literature 
is rapidly increasing and arc now widely used to 
provide evidence to support clinical strategies (1). The 
objectives of a meta-analysis include increasing power 
to detect an overall treatment effect, estimation of the 
degree of benefit associated with a particular study 
treatment, assessment of the amount of variability 
between studies, or identification of study characteris- 
tics associated with particularly effective treatments 
(2). Assuming there were a large number of published 
RCTs with available, high-quality data, meta-analysis 
of clinical trials in prostate cancer could potentially 
demonstrate clinically meaningful treatment effects. 
This unfortunately is not yet the case. 

In the United States, cancer of the prostate is the 
most common malignancy in men with an estimated 
179 300 new cases diagnosed in 1999 (3). According 
to information collected by the National Cancer 
Institute's Surveillance, Epidemiology, and End Results 
(SEER) program, the incidence of this cancer peaked at 
greater than 300 000 new cases in 1993 and then 
decreased, suggesting an adjustment to the initial 
influence of mass screening (3, 4). The medical research 
communities have correspondingly increased their 
focus on the disease but major questions remain unre- 
solved. Although current or planned clinical trials are 
addressing many of the important issues, the number of 


completed large randomized clinical trials suitable for 
meta-analysis is relatively small (5). One blatant excep- 
tion is the greater than 25 randomized clinical trials 
comparing monohormonal therapy to combined andro- 
gen blockade in hormone-sensitive metastatic disease. 

Addressing the earliest point of intervention, the pre- 
vention of prostate cancer emerges as a very attractive 
option when faced with the problems inherent in both 
early detection and treatment of metastatic disease (6). 
Some research has suggested that populations of 
patients with diets high in fiber or low in fat have a 
lower incidence of prostate cancer. In a randomized 
trial from Finland, originally designed to determine if 
vitamin E and/or A could prevent lung cancer, instead 
there was a significant reduction in the number of diag- 
nosed prostate cancers in patients receiving vitamin E. 
Agents that block or suppress gene mutation such as 
selenium, vitamin C, and the isofllavenoids, have all 
been suggested as possible chemopreventive agents. 
Difluromethylorithine DFMO has been recognized as a 
potent inhibitor of ornithine decarboxylase (ODC), 
which catalyzes the synthesis of polyamines found in 
high concentrations in the prostate (7). Since high 
polyamine levels enhance cell proliferation, DFMO has 
been suggested as a potential preventive agent. 

Current studies examining the effect of chemopre- 
vention include a University of Wisconsin phase MII 
trial designed to determine whether DFMO could mod- 
ulate a number of markers for prostate carcinogenesis. 
A second much larger study of greater than 18 000 
men, the Prostate Cancer Prevention Trial (PCPT), is 
testing the hypothesis that finasteride, which prevents 
the conversion of testosterone to the more potent dihy- 
drotestosterone via inhibition of the enzyme 5 a-reduc- 
tase, can prevent the development of prostate cancer 
(3). A third trial, the Selenium and Vitamin E 
Chemoprevention Trial (SELECT) of over 32 000 men, 
is scheduled to begin in mid-2000. These trials will 
provide much information about potential methods to 
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prevent prostate cancer, and may cven identify strate- 
gies that can reduce the morbidity and mortality of this 
common disease. 

Currently there are far more questions than there are 
answers in the diagnosis and treatment of prostate 
cancer. Beginning with screening, there are several 
potential confounding factors and problems to include: 


© over diagnosis; 

e unknown impact on mortality; 

e potential morbidity of subsequent treatment; 

e significant cost of screening and treatment (4, 6). 


To date there is only one completed randomized 
screening trial. This trial reported a survival advantage 
for screened patients, but has been criticized for a 
number of selection biases and for not performing an 
intention-to-screen analysis. A second screening trial, 
the Prostate, Lung, Colorectal Ovarian cancer (PLCO) 
study will hopefully help to resolve the controversy 
over secondary prevention (i.e. early detection and 
treatment) of prostate cancer (7). The aim of this trial 
is to determine whether annual screening will reduce 
mortality from prostate cancer. Men enrolled in the 
study will receive screening with PSA and DRE of the 
prostate as well as chest X-ray and flexible sigmoid- 
oscopy to screen for lung and colorectal cancer annu- 
ally for 4 years. This cohort will be compared with 
whatever regular testing is provided in the community 
(5). 

Another of the important fundamental questions is 
what treatment is best for localized disease. Studies 
have demonstrated that the majority of tumors 
detected by screening tests, including PSA and DRE, 
are clinically confined to the prostate (T1-T2 tumors) 
(6). Opinions have varied concerning the relative 
benefits of treating these clinically localized tumors. 
Many authors have advocated that observation or 
‘expectant management’ will lead to acceptable out- 
comes during $- and 10-year follow-ups. However, 
more recent analysis of the literature has suggested that 
with longer follow-up, mortality from the untreated 
disease increases dramatically. While several authors 
have demonstrated excellent survival among patients 
with clinically localized prostate cancer treated with 
radical prostatectomy, concerns have been raised about 
the high rates of positive surgical margins, PSA recur- 
rence, and patient-reported morbidity. 

There are several ongoing randomized trials for clin- 
ically localized prostate cancer. The Veterans 
Administration and National Cancer Institute are co- 
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sponsoring the Prostate Cancer Intervention versus 
observation trial (PIVOT), which randomizes patients 
with clinically confined prostate carcinoma to either 
radical prostatectomy or observation (7). Powered to 
detect differences in survival, the results of this trial 
will not be available for many years but promises to 
provide some of the most important answers regarding 
the management of early localized disease. Since the 
PLCO chemoprevention trial does not mandate specific 
treatment for detected prostate cancers, this study fits 
quite well with PIVOT. The combination of the two 
trials may provide evidence of the relative efficacy of 
both screening and treatment. 

Although there are numerous phase II trials currently 
assessing different treatment modalities in patients with 
clinically localized disease, the current and planned 
phase III trials providing a head to head comparisons 
to assess the relative worth of brachytherapy, cryother- 
apy, radical prostatectomy, external-beam radiother- 
apy, hormonal therapy, and watchful waiting are few 
(8). The initial course of many diagnosed prostate 
cancers is indolent. Thus it is difficult to reliably assess 
efficacy of any treatment from studies in which patients 
at relatively low risk of short-term progression are 
treated and in whom follow-up is Iess than 10 years. 
Current phase ITI trials include the NCIC trial of hor- 
monal therapy versus hormonal therapy and radiation 
therapy, and PIVOT. The American College of 
Surgeons Oncology Group (ACSOG) will initiate a ran- 
domized trial of 1500 men comparing prostatectomy 
and brachytherapy in mid-2000. 

Hormonal therapy has been the mainstay of therapy 
for advanced prostate cancer, since the work of 
Huggins and Hodges in the 1940s (7, 8). 
Unfortunately, there is little evidence that significant 
advances in the treatment of metastatic discase have 
been made since that time. In the carly 1980s Labrie 
and colleagues introduced the concept of combined 
androgen blockade (CAB) utilizing an LHRH agonist 
or orchiectomy (to ablate testicular androgens) plus an 
anti-androgen (to block remaining adrenal androgens) 
(9). In 1989 the National Cancer Institute (NCI) and 
the Southwestern Oncology Group (SWOG) completed 
a trial comparing a LHRH-a plus an anti-androgen to 
an LHRH-a alonc (10). The results of the trial sug- 
gested that combined androgen deprivation 
significantly improved median time to progression in 
patients with metastatic disease. However, a follow-up 
SWOG study comparing orchiectomy with or without 
flutamide in patients with metastatic discase, demon- 
strated no difference in progression free or overall sur- 
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vival (11). Numerous other comparative studies have 
led to one of the few arcas in prostate cancer where 
there has been a major role for meta-analysis. 

A number of therapies for metastatic prostate cancer 
are currently being investigated in clinical trails. One of 
the more intriguing potential approaches involves inter- 
mittent hormonal therapy. Intermittent therapy 
employing LHRH agonists has the potential advantage 
of: 


e lower cost compared to continuous therapy; 

e periods during which side-effects are reduced; 

e lower risk of long-term complications, such as 
osteoporosis and anemia; 

e the possibility that delaying the development of 
androgen-independent disease may enhance 
survival (7). 


A current SWOG study randomizes patients who 
achieve an undetectable PSA following initial hormonal 
therapy to either continuous therapy or intermittent 
hormonal therapy. This trial will address one of the 
most important new potential treatment approaches 
for patients with metastatic discase. 

Although PSA has not been validated as an early sur- 
rogate endpoint that may be used in clinical trials, 
there is no question that patients who exhibit biochem- 
ical failure are at higher risk of death from metastatic 
disease (4, 6). The optimal treatment for these patients 
is unknown. Radiotherapy to the prostatic fossa is 
commonly employed for patients who relapse follow- 
ing radical prostatectomy without evidence of distant 
disease. Although initial studies suggested that freedom 
from progression could be affected by this treatment, 
the long term, PSA-free recurrence rate has been disap- 
pointing. Clinical trials employing adjuvant radiother- 
apy, with or without hormonal therapy, arc ongoing. 
The European Organization for Research and 
Treatment of Cancer (EROTC) (12) trial will assess the 
efficacy of early versus delayed hormonal therapy for 
PSA recurrence. An ideal study to assess potential treat- 
ments for relapse after definitive therapy would stratify 
patients according to their risk of recurrence and might 
include newer methods of ascertaining whether the bio- 
chemical recurrence was due to a local or systemic 
failure. Patients could then be randomized, so that the 
contribution of radiotherapy and hormonal therapy 
could be evaluated. Such a study has yet to be 
mounted. 

At present there is no conclusive evidence that addi- 
tional treatment improves survival of patients who 
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relapse after initial hormonal therapy. Numerous 
chemotherapeutic regimens and other methods of treat- 
ment are being studied in this setting. Historically, rela- 
tive chemotherapeutic insensitivity was evidenced by 
significant (> 50%) objective tumor regression in less 
than 10-15% of patients, by the rare attainment of 
complete remission (CR). However, recent phase TI 
trials of estramustine combined with vinblastine, pacli- 
taxel, etoposide, or doxetaxel have demonstrated 
objective tumor regression in 30-40% patients with 
measurable discase, pain improvement in up to 
50%, and significant declines in PSA in 50% of 
patients with androgen-independent prostate cancer 
(13). Randomized phase Ill trials of mitoxantrone plus 
steroids versus steroids, estramustine plus vinblastine 
versus vinblastine, and suramin plus hydrocortisone 
versus hydrocortisone have shown significantly longer 
survival for patients with greater than 50% decline in 
PSA (14, 15, 16). In the setting of secondary hormonal 
manipulation, declines in PSA of this magnitude in men 
treated megestrol acetate was also correlated with 
improved survival (17). 


The role of meta-analysis in 
assessment of clinical trials 


Meta-analysis of clinical trials offers the opportunity to 
pool results from a number of randomized studies so 
increasing the statistical ability to detect the value of 
treatment (18). For a meta-analysis to give definitive 
information, it should at least meet the minimum stan- 
dard that would be expected of a well-designed, ade- 
quately powered, and carefully conducted randomized, 
controlled trial (1, 5). These minimum standards 
include both quantitative standards — and assessment 
of whether the total sample is large enough to provide 
reliable results and the use of appropriate statistical 
monitoring guidelines to indicate when the results of 
the accumulating data of a meta-analysis are conclu- 
sive. The quality of meta-analysis depends essentially 
on the completeness of the collection of trials. Apart 
from this problem, the limits of a meta-analysis are the 
limits of the trials it includes; the addition of ill- 
designed and ill-conducted trials can only be a bad 
meta-analysis. Meta-analyses based on individual data 
provided by each trialist allows a better appreciation of 
the quality of a trial, increases the statistical power, 
and allows for some covariates to be taken into 
account (19, 20). The most reliable type of meta- 
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analysis uses individual patient data and includes all cri- 
teria, published and unpublished (21, 22). If the inadc- 
quacies of previous trials have led to a performance of a 
suitable new trial, the numbers emerging from meta- 
analyses of prior non-pertinent results should not stop it. 

Factors necded to evaluate a meta-analyses are: 
description of the problem; definition of the outcome(s) 
(primary and secondary); methods for identifying the 
selecting trials for inclusion; statistical problems such 
as the detection of bias, the validity of the information 
provided by the meta-analysis, quality criteria for a 
meta-analysis, and how to locate published meta- 
analyses (19). Well-conducted meta-analyses or 
overviews are the best method of summarizing all 
available unbiased evidence on the relative effects of 
treatments. Recently meta-analysis has expanded to 
cover non-randomizcd studies, including evaluation of 
diagnostic tests and pooling of epidemiological studies 
(15, 18). There is growing concern for standards, and 
several methodological issues remain unresolved (21). 
Meta-analysis of randomized trials of adjuvant therapy 
in early breast cancer illustrates the value of such analy- 
ses. These have helped, not only routine clinical practice, 
but have thrown light upon biological mechanisms and 
directed future research (20). Duc to the emergence of 
evidence-based medicine (EBM), the role of meta-analy- 
sis is expanding. EBM is taking advantage from the 
Cochrane Collaboration, an international network of 
experts performing, updating and disseminating meta- 
analyses of important treatments, according to common 
models and established procedures (19). Meta-analysis 
in prostate cancer clinical trials has been of limited use 
to date primarily due to a lack of RCTs. 


Screening 


The goal of cancer screening is the early detection of 
tumors in the hope that the added lead-time will permit 
curative intervention for some patients who would oth- 
erwise die of their disease (4, 6). This assumes localized 
disease is found at the time of detection. However, cure 
is not the only objective of cancer care. Prolongation of 
life and improvement in the quality of life in the 
absence of cure is also valuable. In the case of prostate 
cancer, improving the quality of life translates into 
delaying the appearance of metastases and local symp- 
toms, and avoiding iatrogenic morbidity. 

A prostate cancer screening program needs two 
essential attributes to be successful: the scrcening test 
must be capable of advancing the time of diagnosis, 
and the carlier treatment interventions must have an 
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impact on the eventual course of the disease (6). A bal- 
anced assessment of the evidence suggests that in 
appropriately selected men, screening will allow cura- 
tive treatment of presymptomatic cancers that other- 
wise would cause substantial morbidity and mortality. 

The true value of screening requires randomized 
trials wherc the screened and unscreened populations 
are identical with regard to risk factors of prostate 
cancer. The sample size of such trials must be very 
large because an asymptomatic population will only 
contain a small proportion of patients with detectable 
cancer, and an even smaller size proportion of patients 
who will either die of the disease or be potentially 
impacted by the early treatment intervention permitted 
by early detection (4, 22). Endpoints such as cancer inci- 
dence, stage of diagnosis, and case survival, though inter- 
esting and informative about the natural history of the 
disease, arc inappropriate for comparisons of screened 
and unscreened groups because they are affected by pro- 
found sampling biases, namely, length-based sampling 
and lead-time biases. Other important aspects of screen- 
ing that merit evaluation in a trial are the ‘costs’ of the 
screening program. This must be evaluated in relation to 
the ‘benefits’, i.c. reduced mortality (6). 

The most striking aspect of the literature on screen- 
ing is the relatively small percentage of cancers that 
will be detected. Using the preferred method for first- 
line prostate cancer screening, the PSA and DRE, 
Catalona et al. (23) reported 8% of the patients 
screened had an elevated PSA and a corresponding 
figure for an abnormal DRE is 7% from the study by 
Metlin et al. (24) The real sensitivity of any screening 
strategy will necessarily be very low. However, the 
cancers that are missed will typically be very small 
tumors. The rational for screening is based on the sup- 
position that the great majority of the tumors that 
would become clinically significant during the patients’ 
lifetimes will be detected by screening. In three studies 
involving a total of 19 880 men, a significant stage 
Migration in tumors was detected through PSA-based 
screening (4). In two large multicenter studies involving 
6630 and 2299 men, the combined percentage of 
pathologically organ-confined cancers detected through 
PSA screening was 98% (6). In the other study, the per- 
centage of pathologically organ-confined cancers 
detected by PSA-based screening was 66% in men who 
had undergone radical! prostateectomy. This represents 
a 100% increase over the percentage of organ-confined 
cancers detected in historical series. 

Under the direction of The National Cancer 
Institute, an ambitious and potentially informative 
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large screening trial involving the three major cancers 
affecting men (prostate, lung, colorectal) is ongoing (3): 
74 000 men from 64 to 74 to will be randomized to a 
screening battery including DRE and PSA or to a 
control arm of standard medical care. It is likely that 
many cancers will be detected in the screened group, 
and using a more aggressive screening strategy could 
increase the advancement of lead-time. Nine countries 
in Europe and North America are half-way to recruit- 
ing about 300 000 men to randomized trials to deter- 
mine whether prostate cancer screening with 
prostate-specific antigen can save lives. Nine random- 
ized controlled trials, collectively called the 
International Prostate Screening Trials Evaluation 
Group, hope to have all participants through the first 
round of screening in 1999 (8). Critics of screening 
trials claim that there is a risk for the over diagnosis of 
‘innocent cancers’ and that none of the potentially 
curative treatment options available have demonstrated 
the capacity to reduce survival. One of the major 
threats to prostate cancer screening trials everywhere is 
the perceived acceptance of screening in the US. 
European investigators have shown restraint and 
slower acceptance of prostate cancer screening, while 
waiting for completion of prostate cancer screening 
clinical trials. 

As these trials are ongoing and analysis of long-term 
impact will not follow for several years, meta-analysis 
of screening trials will not be feasible for 5-10 years. In 
tact, to date there is only one published randomized 
PSA era prostate cancer screening trial. Labrie et al. 
25) randomized 46 193 men ages 45-80 on the 
Quebec City electoral roll between screening and no 
screening. However, only 8137 of the men in the 
screening arm were actually screened. There were 137 
prostate cancer deaths in the 38 056 unscreened men 
compared to 5 deaths in the screened group (3.25 odds 
ratio favoring screening, P < 0.01). Although his study 
nas been highly criticized because of the large number 
-~f men randomized to be screened but not screened, 
and the failure to analyze on an intent-to-screen basis, 
che results are nonetheless titillating. 


Localized disease 


Treatment of localized prostate cancer is among the 
most controversial areas in oncology today. Available 
~ptions include: radical prostatectomy, external-beam 
-adiation therapy, brachytherapy, watchful waiting, 
-cvosurgery, hormonal therapy, and combinations of 
—ese modalities. These approaches appear to have 
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similar 5-year survival rates. However, these 
approaches may lead to different rates of disease-free 
survival and overall survival with clear differences in 
morbidity. Because the results of single-modality treat- 
ment have been disappointing, there has been a trend 
within the last decade toward multi-modality combina- 
tion therapies, with a particular emphasis on combin- 
ing hormonal therapy with surgery or radiation 
therapy (26). More recent clinical trials have added 
chemotherapy for patients with high-risk pathologic 
features. Large randomized trials comparing these dif- 
ferent approaches have only been recently initiated and 
hence there are sparse meta-analyses of clinical trials in 
localized prostate cancer. Nonetheless, the areas that 
deserve comparative analysis and the current ongoing 
studies need to be addressed. 

Radical prostatectomy has the potential for cure in 
T1 and T2 lesions of the prostate with PSA progres- 
sion-free survival rates of 70-80% at 5 years and 
50-70% at 10 years (26). Surgery has been shown to 
have limited ability to cure locally advanced (T3) 
prostate cancer. In two recent series of patients who 
underwent surgery for clinical T3 disease, only 9-22% 
of patients had pathologically organ-confined disease. 
Van den Ouden et al. (27) reported only 22% of 
patients free of clinical or biochemical progression at a 
mean follow-up time of 43.9 months. 

From surgical series in patients with organ-confined 
disease, 85% remain free from biochemical failure at 
10 years, but only 42% of those with extracapsular 
penetration or high-grade pathology and 43% with 
seminal vesicle involvement had a similar disease-free 
survival rate. Of patients with lymph node involve- 
ment, 15% remain free of biochemical progression at 
5 years, and none had an undetectable PSA level at 
10 years follow-up. Thus it appears that an aggressive 
surgical approach for patients with locally ad- 
vanced cancer rarely results in long-term disease-free 
survival (28). 

In a recent series of external-beam radiation therapy 
(EBRT) alone for clinical stage T3 prostate cancer, 10- 
year survival rates of 35-45% and 15-year survival 
rates from 17% to 31% were shown. Zierman et al. 
(29) recently reported a 10-year biochemical disease- 
free survival rate of only 18% in 540 clinical stage 
T3—4 patients who underwent ERBT. These disap- 
pointing results have led to the widespread use of the 
combination of hormonal therapy and radiation 
therapy. This concept dates back to 1967, when a ran- 
domized prospective study comparing androgen abla- 
tion with dicthylstilbestrol (DES) plus radiation 
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therapy, to radiation therapy alone, was initiated at the 
MD Anderson Cancer Center in men with clinical stage 
T3 prostate cancer (26). In 78 randomized patients, 
there was a statistically significant improvement in 
disease-free survival and freedom from metastasis for 
the patients who reccived early hormonal therapy, but 
there was no difference in overal! survival, despite a 
median follow-up duration of 14.5 years. Three subse- 
quent studies showed improved disease-free survival 
and improved local control with combined therapy. 
Most recently, Bolla et al. (30) demonstrated a survival 
benefit of combination therapy using goserelin acetate 
for 3 years compared to radiation alone in men with 
localized disease, the majority of whom where stage 
T3. The National Cancer Institute of Canada (NCIC) is 
currently assessing whether radiation adds therapeutic 
efficacy, both in terms of local control, progression free 
and overall! survival in a clinical trial of hormone 
therapy versus hormone therapy plus radiation. 

Most patients who have persistent disease after 
primary radiation therapy are given subsequent salvage 
hormonal therapy; the question becomes whether early 
versus late hormonal therapy makes a survival differ- 
ence in patients who undergo ERBT. The randomized 
prospective study by Fellows et al. (31) included threc 
treatment groups: an orchiectomy-only group, a radia- 
tion therapy-only group, and a combined orchiectomy 
plus radiation group. There was no statistical differ- 
ence between the combined orchiectomy plus radiation 
therapy group, and the combined therapy treatment 
groups with regard to distant disease progression and 
overall survival. 

The placement of radioactive sceds using an open 
retropubic or open perineal approach became popular 
in the 1970s. Results of brachytherapy in this era were 
particularly poor for patients with poorly differentiated 
or clinical stage C lesions; local recurrence rates 
approached 50% and 5- and 10-year disease-frec sur- 
vival rates were as low as 23% and 14%, respectively. 
In recent series limited to favorable cases with clinical 
stage T1-2, 76-98% of men have no biochemical! pro- 
gression at median follow-ups of 2-3 years (7, 30). 

Most investigators feel that brachytherapy alone is 
insufficient for locally advanced lesions and have advo- 
cated combining the brachytherapy with FRBT. 
However, this has not been assessed in a randomized 
prospective fashion. The question of the superiority of 
radical prostatectomy versus brachytherapy will be 
assessed in a 1500-patient trial spearheaded by the 
American College of Surgeons Oncology Group 
(ACSOG) planned to activate in mid-2000. Eligible 
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men will have Tic or T2a low-grade prostate cancer 
(Gleason score < 7 and PSA < 10). Primary endpoints 
will be comparative overall survival, quality of life, and 
satisfaction with procedure received. Concern has been 
raised whether this trial can be completed, in light of 
the failure of the MRC PRO6 trial to accrue patients. 

Watchful waiting is the selected option by some men 
desiring to avoid the complications of surgery or radia- 
tion. This approach is supported by two studies from 
Europe showing comparable survival! in population- 
based studies where treatment was only initiated when 
symptomatic compared to treated cohorts. The current 
ongoing prostate intervention versus observation trial 
(PIVOT) addresses this question (7, 27). Enrolled men 
are randomized to prostatectomy versus observation, 
Men progressing on observation may later choosc 
surgery. 

Cryotherapy has re-emerged as a potential local 
therapy in the management of prostate cancer in the 
early 1990s, when it was realized that transrectal ultra- 
sound could be used to monitor the extent of prostatic 
freezing (26). Despite initial enthusiasm for this proce- 
dure, it has not been widely adopted. Furthermore, 
planned large trials of cryosurgery versus radiation 
have never actualized. 

Another approach to improved rescctability is the 
use of neoadjuvant hormonal therapy to eliminate the 
bulk of tumor cells that are sensitive to hormones in 
the hope that these cells may be the ones that are pri- 
marily responsible for the extra-prostatic extension. 
Then, if adequate tumor shrinkage has occurred, it may 
be possible to eliminate any residual, hormonally unre- 
sponsive cells by surgical extirpation. The results of 
recent randomized prospective studies comparing 
neoadjuvant hormonal therapy with surgery for clinical 
sage T1-T3 prostate cancer, show statistically 
significant reduction in the frequency of positive surgi- 
cal margins but the incidences of seminal invasion and 
lymph node metastasis were not statistically different. 
In a meta-analysis of seven similarly designed RCT, 
despite differences in risk factors, neoadjuvant andro- 
gen deprivation was significantly associated with lower 
pathologic T stage and negative surgical margins 
(Bonney) (32). However, at present there remains no 
obvious long-term survival benefit within the context 
of randomized prospective trials. 

Locally advanced prostate cancer remains a difficult 
problem and although the results of single-modality 
treatments have been disappointing, this problem rep- 
resents a paradigm for multi-modality therapy. In a 
recently reported trial by the Eastern Cooperative 
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Oncology Group (ECOG), 98 men with positive lymph 
nodes post-prostatectomy, randomized to immediate 
initiation of androgen deprivation, had a significant 
improvement in progression-free and overall survival 
compared to thosc treated at time of progression (33). 
Post-operatively in patients with high-risk disease 
based on Gleason score >7 or positive surgical 
margins, local lymph nodes or seminal vesicles are 
being assessed for added benefit of hormonal therapy, 
chemohormonal therapy, or radiation. RTOG 96-01 is 
a randomized trial evaluating the role of adjuvant bica- 
lutamide in addition to radiation in men with pT3 
prostate cancer (7). In a second US Intergroup trial, 
men with high-risk discase will be randomized after 
prostatectomy to hormone therapy with or without 
chemotherapy consisting of mitoxantrone and pred- 
nisone (34). Again an inadequate number of compara- 
ble trials have been completed to allow for 
meta-analysis. 


Hormone-sensitive metastatic disease 


For more than five decades, the preferred treatment for 
advanced prostate cancer has been suppression of tes- 
ticular androgen production by medical or surgical cas- 
tration. However, until recently there was little data to 
support initiating early androgen deprivation in the 
asymptomatic man. In 1998, the Medical Research 
Council reported their randomized trial of early versus 
delayed hormonal therapy in men with locally 
advanced (T2-4) or metastatic disease (35). They 
demonstrated improvements in all causes of mortality, 
disease-specific mortality, rate of local and metastatic 
progression, catastrophic complications (spinal cord 
compression urinary obstruction, and pathological 
fractures). However, the optimal form of this therapy 
with either monotherapy, in the form of bilateral 
orchiectomy, or a LHRH agonist, or combined andro- 
gen deprivation adding an anti-androgen, remains a 
source of controversy. 

Researchers from Italy and Spain initially investi- 
gated the use of anti-androgens in metastatic disease in 
the late 1960s and 1970s. The first randomized con- 
trolled trials using an anti-androgen was the European 
Organization for Research and Treatment of Cancer 
(EROTC) Genitourinary (GU) Group protocol 30805 
developed in 1979. This study compared cyproterone 
acetate (CPA) vs. DES vs. castration as a standard 
treatment. In the final analysis of 335 patients showed 
no differences in time to progression and overall sur- 
vival among the three treatment arms (36). In 1983, 
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Labrie et al. (9) proposed the use of combined andro- 
gen blockade to obtain better results than those 
obtained with the most widely used techniques of sur- 
gical or hormonal castration alone. Since that time, 
many randomized comparative trials using various 
forms of CAB have been carried out to examine the 
question of whether CAB would significantly delay the 
progression to endocrine independence of prostate 
cancer and eventually prolongation of survival. 

A review of the efficacy of the anti-androgen nilu- 
tamide plus orchicctomy compared to orchiectomy plus 
placebo in previously untreated patients with stage D 
prostate cancer was published by Bertagna et al. (36) in 
early 1992. The results of seven randomized double- 
blind trials with similar design and involving (1056) 
patients were analyzed. The short-term results reported 
by all of the studies were similar in that there were 
significant improvements in metastasis-relatcd bone 
pain and levels of tumor markers with nilutamide. In 
addition, the combination of nilutamide and ochicc- 
tomy resulted in a marked improvement in response 
rate. Disease progression measurcd at 6 months was 
reduced by one-third by the administration of nilu- 
tamide. This review illustrated the advantage of meta- 
analysis in providing a means to detect moderate 
differences observed between different treatment regi- 
mens. Although this analysis only provides data on a 
single method of preventing the effects of androgens, 
the results provided were important in the evolving dis- 
cussion on the endocrine treatment of metastatic 
prostate cancer (37). 

The Prostate Cancer Trialists’ Collaborative Group 
(PCTCG) conducted an important meta-analysis in 
1995 of 25 trials that compared conventional castra- 
tion (surgical or medical) versus maximum androgen 
blockade (castration plus prolonged use of an anti- 
androgen such as flutamide, cyproterone acetate, or 
nilutamide) (38). Previous trials had not provided con- 
sistent and convincing evidence of approved survival 
with CAB. These trials were small and did not provide 
randomized evidence on a large enough scale. Data 
from individual patients could be obtained from 22 of 
the 25 studies identified, involving 5710 patients with a 
median follow-up of 40 months. The results involved 
3283 deaths among the 5710 patients, and included 
approximately 90% of the randomized evidence from 
studies that began before December 1989. Mortality 
rates were 58% for castration alone and 56% for CAB. 
Corresponding 5-year survival rates were 22.8% and 
26.2%, which represented an insignificant improve- 
ment in survival of 3.5%. Logrank time-to-death 
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analysis found no significant differences between trials 
or the effects of the different types of CAB, and there 
was no evidence of additional benefit in an overview of 
all CAB trial results. A few of the studies included in 
the analysis produced results that may indicate that 
CAB may be more effective in patients with minimal 
disease or with good prognosis. However, these results 
consisted of a small subgroup of a few hundred 
patients and must be interpreted with caution. At the 
time of its release, this meta-analysis provided the best 
randomized evidence on whether CAB had any effect 
on survival in advanced prostate cancer. 

In 1997 Caubet and colleagues (39) recognized that 
the PCTCG meta-analysis included trials containing 
two different classes of anti-androgens: non-steroidal 
anti-androgens (NSAAs) and progestational steroids 
(with intrinsic androgenic activity and lower anti- 
androgenic activity than NSAAs flutamide and nilu- 
tamide). As a result, a meta-analysis of published 
randomized controlled trials was designed to assess the 
survival benefit in advanced prostate cancer of MAB 
using NSAAs versus castration alone. The results were 
compared to meta-analysis of data summaries provided 
in the PCTG report and showed a statistically 
significant prolongation of overall survival and pro- 
gression-frec survival in patients with advanced 
prostate cancer for CAB using NSAAs compared with 
castration alone. A 22% decrease in hazard rate for 
survival and a 26% decrease in hazard rate for time to 
progression were found with CAB using NSAAs. Study 
sclection and a focus on NSAAs was the primary 
reason for the different results obtained in this meta- 
analysis as compared to the PCTCG analysis. 
Sensitivity analysis based on PCTG data showed that a 
favorable survival result for CAB was associated with 
NSAAs but not with steroidal anti-androgens and 
depended on randomization blinding and overall trial 
quality. A criticism of this meta-analysis is the small 
number of trials and relatively small number of 
patients included in the analysis. However, the results 
illustrated important concepts for the design of future 
trials in regards to study quality that may significantly 
affect trial results. 

One of the more important and recent meta-analyses 
of CAB was conducted by Bennett et al. (40) as an 
attempt to address confusion presented by the 
conflicting results of randomized controlled trials con- 
ducted during a 10-year period (1989-98), which 
included treatment with flutamide as the non-steroidal 
anti-androgen agent in maximal androgen blockade. 
Their results compiled from nine studies and 4128 


Prostate cancer 


patients supported earlier findings of a 10% improve- 
ment in overall survival with flutamide in MAB 
therapy. The focus on flutamide has served to limit the 
applicability of data obtained from this meta-analysis 
but was appropriate in that the two largest individual 
studies of maximal androgen blockade based on phase 
HI clinical trial results from the South West Oncology 
group (SWOG) involved this agent (41). Reports from 
ongoing meta-analysis by the PCTG, the agency for 
healthcare policy and research evidenced based litera- 
ture revicw of hormonal therapies, and the American 
Society of Clinical Oncology Metastatic Prostate 
Cancer Guidelines Panel may provide data to permit 
clearer evaluation of the effect of CAB therapy. 

One of the more interesting of several treatments 
currently being tested in clinical trials for metastatic 
prostate cancer involves intermittent hormonal 
therapy. The concept was initially investigated by Klotz 
and colleagues (42) in the early 1980s in patients on 
DES therapy. Patients were cycled on and off therapy 
up to three times with improved quality of life before 
disease progression was noted. Subsequent clinical 
trials have demonstrated the reversibility of the adverse 
effects of androgen deprivation and improvement in 
quality of life. Current phase III clinical trials, involv- 
ing men with metastatic disease or recurrent disease 
after localized therapy, will provide additional quality- 
of-life data and examine the possibility of a delay in 
disease progression, along with the possibility of pro- 
longed survival, which has been demonstrated in some 
modcls. Undoubtedly, meta-analytic review of these 
trials will be important and valuable as completed data 
becomes available. 


Hormone-refractory disease 


Despite initial responses to androgen deprivation, even- 
tually resistant disease develops, manifested by rising 
levels of prostate-specific antigen (PSA), progressive 
disease on imaging studies, and, ultimately, worsening 
symptoms. Virtually all of the mortality and a 
significant portion of the morbidity of the disease are 
associated with the hormone-refractory state (43). 
Therapy for the disease in this stage is primarily pallia- 
tive, consisting of second-line hormonal therapy and 
chemotherapy. Phase II and IH clinical trials are 
ongoing and no meta-analysis yet exists to summarize 
results. 

Secondary hormonal manipulation, after the failure 
of primary androgen deprivation, is one of the impor- 
tant new treatment strategies. This approach is based 
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on the recognition that hormone-refractory prostate 
cancer is a heterogeneous disease, and some patients 
may respond to alternative hormonal interventions 
despite the presence of castrate levels of testosterone 
44). Furthermore, some patients with disease progres- 
sion will experience subjective and objective improve- 
ment upon removal of that agent. At present, over 200 
patients have been evaluated in clinical trials for the 
anti-androgen-withdrawal syndrome. Withdrawal 
responses occur in 15-30% of patients, although 
prospective identification of patients most likely to 
respond has proven difficult. Clinical variables such as 
the castration method, the inclusion or exclusions of 
anti-androgen as part of combined androgen blockade 
or added after disease progression, age, performance 
status, and biochemical data, such as PSA level, have 
not been reliable independent predictors of response. 
The Cancer and Leukemia Group B (CALGB) is 
presently comparing the response rate and duration of 
response to anti-androgen withdrawal alone versus 
ann-androgen withdrawal combined with ketoconazole 
and hydrocortisone (43). In addition, a planned phase 
III study conducted through the Eastern Cooperative 
Oncology Group will compare second-line hormone 
therapy using ketoconazole and hydrocortisone, a 
chemotherapy regimen involving paclitaxel and estra- 
mustine and vitamin D analog as a biological agent. 

Megestrol acetate, which suppresses the release of 
luteinizing hormone, blocks binding of DHT to the 
androgen receptor, and inhibits 5a-reductase has been 
modestly effective in hormone-refractory prostate 
cancer. Patel and colleagues treated 29 men with 
hormone-refractory discase with megestrol acetate and 
noted three objective responses and 20 patients with 
stable disease. Other small series have demonstrated 
the same small response rate. In CALGB 9181, 149 
men were randomized to two doses of megestrol 
acetate with no dose response and a disappointing 
11.3% PSA response (18). Thus, although megestrol 
acetate may produce responses in some patients, it is 
generally less effective than other secondary hormonal 
manipulations, and should only be offered to those 
patients unable to tolerate other therapies. 

In the past 10 years, several chemotherapy agents 
have shown activity when used alone or in combina- 
tion with other agents. Estramustine phosphate, a 
stable conjugate of nornitrogen mustard and estradiol, 
was synthesized to allow selective delivery of the alky- 
lating agents into estrogen receptor-positive cancer cells 
(45). As a single agent it has reported response rates of 
up to 20%. The first clinical trials involving its use in a 
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combination regimen occurred in the early 1990s when 
estramusine was combined with vindblastine. In three 
phase-II trials, the overall response rate of 24% in 
patients with measurable disease, with 54% of patients 
having a sustained decrease in serum prostate-specific 
antigen (15, 46). These promising results prompted a 
randomized trial comparing the two-drug combination 
with vindblastine alone (14). The two-drug combina- 
tion showed an improvement in progression-free sur- 
vival but no statistically significant overall survival. It 
was evident that estramustine seemed to protect against 
vindblastine-induced granulocytopenia. The results 
obtained from the estramustine/vindblastine trials 
spurred further development of combinations of estra- 
mustine with other anti-microtuble agents. Although 
initial clinical studies with paclitaxel alone showed 
little activity with prostate cancer, when combined 
with estramustine there was significant antimitotic 
activity in prostate cancer cell-lines. With paclitaxel 
given as a 96-h continuous infusion, the combination 
paclitaxel and estramustine produced a 50% decline in 
PSA reproduccd in at least three phase I and II clinical 
trials (47). The combination of estramustine and doc- 
ctaxel has produced similar high results in phase II 
trials. A median survival of 24 months reported with 
this latter combination, suggests a possible impact of 
chemotherapy on survival (48). 

Another active chemotherapy agent in HRPC is 
mitoxantronec. The Cancer and Leukemia Group B 
have conducted a trial comparing mitoxantrone plus 
hydrocortisone to hydrocortisone alone with survival 
as its primary endpoint (16). No crossover was allowed 
and quality of life was a secondary endpoint. Although 
there was no difference in overall survival, there was an 
indication that quality of life, in particular pain 
control, was improved in the mitoxantrone-treated 
patients. Overall, the studies of mitoxantrone plus glu- 
cocorticoids have shown up to 40% of patients demon- 
strating improvement in pain and quality of life with 
this treatment; but without an apparent impact on 
overall survival (16). The toxicity profile is acceptable 
and this combination is a useful palliative treatment. 
The promising results of the mitoxantrone and taxane 
combinations have prompted a current phase-Il inter- 
group trial comparing mitoxantrone and prednisone to 
cstramustine and doxetaxel. 

No recent meta-analysis exists on the currently used 
chemotherapy regimens in HRPC. Given the recent 
number of randomized phasc III trials, a meta-analysis 
may soon be warranted with regard to the palliative 
effects of chemotherapy. The newer taxane regimens 
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suggest potential impact on survival, however random- 
ized phase III trials to address this issue have only 
recently been launched rendering meta-analysis for sur- 
vival premature (7). 

Suramin, a polysulfonated napthylurea that acts as a 
competitive inhibitor for a variety of cellular enzymes 
and growth factors, has shown in vitro activity against 
human prostate cancer cell-lines. In initial clinical 
trials, partial response rates of 35% were seen in 
patients with measurable disease, and a decrease in 
serum PSA by 75% was shown in 34% of the patients 
(49). There were also significant improvements in bone 
pain. Sequential studies at the University of Maryland 
to define optimal dosing schedules for suramin have 
shown a decrease in PSA by at least 50% in 48 of 61 
patients bur nearly half of the paticnts had treatment 
discontinued because of does-limiting toxicity (50). A 
large multicenter randomized double-blind trial com- 
paring suramin plus hydrocortisone with placebo plus 
hydrocortisone has recently been completed. There was 
an improvement of bone pain and PSA response, but 
no overall improvement in survival (15). The future of 
suramin as a therapy for hormone-refractory prostate 
cancer remains unclear. 

No meta-analysis exists to review results of clinical 
trials involving radiotherapy in hormone refractory 
disease. However, at least three randomized controlled 
trials have shown a clear benefit for external-beam 
radiotherapy for localized bony lesions or support the 
use of strontium-89 for multiple uncontrolled sites of 
pain on both sides of the diaphragm (51). 


Conclusions 


Many important questions about the prevention, early 
diagnosis, and treatment of patients with prostate 
cancer remain unanswercd. However, a host of 
prospective, well-designed clinical trials are underway 
that should answer many of these questions. Meta- 
analysis has recently become a popular tool for synthe- 
sizing the information from available studies on a 
specific clinical problem. It has been successful at 
showing the efficacy of adjuvant therapy in breast 
cancer, for which many individual studies appeared to 
give conflicting results. Many of the large, randomized, 
breast cancer trials had large sample sizes and long 
follow-ups and so the meta-analysis was able to show 
convincingly a small but clinically meaningful treat- 
ment effect on long-term disease recurrence and sur- 
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vival. This is similar to the situation in localized 
prostate cancer in all respects except for the availability 
of randomized trials. Unfortunately there is no free 
lunch. This technique can only be applied if high- 
quality data are available. One must be similarly cau- 
tious in applying analytic techniques (and also 
cost-effectivencss analysis) to try to resolve clinical 
dilemmas. Although these techniques can be valuable 
in identifying the important components of clinical 
decisions, the results are often crucially dependent on 
critical input data, such as the comparative efficacy of 
alternative treatments. The methodology of meta- 
analysis is limited by the availability of high quality 
data from randomized trials. 

The various cooperative groups have committed a 
vast amount of resources to the evaluation of a series 
of important questions regarding the optimal manage- 
ment of prostate cancer. Thesc trials are extremely 
broad in scope, encompassing preventions, organ- 
confined disease, locally advanced disease, metastatic 
disease, and hormone-refractory disease. A variety of 
treatment modalities, such as chemopreventive agents, 
surgery, radiation, hormones, and chemotherapy, will 
all play an important role, reflecting the fact that the 
treatment of prostate cancer is becoming a true multi- 
disciplinary process. Given the broad array of problems 
associated with managing prostate cancer, this trend 
has been well received in the investigative community. 

A quantitative syntheses of the data in similar ran- 
domized, controlled trials can potentially be more 
useful to the practicing physician than a traditional 
narrative revicw article, but such syntheses must be 
properly performed to warrant serious attention. In 
many cases, conducting an inter-group trial by partner- 
ing the major co-operative groups has and will facili- 
tate accrual and timely completion and analysis. Such 
large trials arc essential and will allow clinicians to 
make future decisions on data derived from controlled 
multi-institutional studies, rather than interpolation of 
information from less reliable sources. The complexity 
of the clinical research questions and the enormity of 
the public health problem will not only force the clini- 
cal trial world into global collaboration and megatri- 
als, but also into surrounding endpoints where the 
financial savings and the emphasis on quality of life 
may prove to be as important as the sacred overall sur- 
vival endpoint. 

Despite a recent decrease in newly diagnosed 
patients, prostate cancer remains the most commonly 
diagnosed visceral malignancy in the United States 
today. Thus, information derived from these trials will 
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afluence therapeutic decisions affecting literally hun- 
dreds of thousands of patients in the years ahead. 
\Lany aspects of prostate cancer treatment will remain 
:ontroversial until results of large, randomized trials 
ath longer follow-up are available. Although meta- 
inalvsis will be critical if these multiple randomized 
sudies vield conflicting results, sufficiently large-well 
:onducted megatrials, may actually be adequate to 
¿answer the many current questions and controversies. 
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Introduction 


The introduction of prostate-specific antigen (PSA) 
testing for use in the early detection of prostate cancer 
has icd to controversy regarding the appropriateness of 
prostate cancer screening and any subsequent treat- 
ment. This controversy is in part duc to the fact that 
the effect of carly treatment of prostate cancer on mor- 
tality is not yet known. However, other cancer screen- 
ing programs, such as breast and cervical cancer, were 
implemented without knowledge of the effect of such 
screening on mortality. In fact, proof of the efficacy of 
these other screening programs was based on their 
widespread use in the community and not on con- 
trolled, randomized trials. One critical difference 
between these other cancer screening programs and 
prostate cancer screening is that prostate cancer screen- 
ing became available when cost contro! was a domi- 
nant concern in the health system. The rising cost of 
healthcare has made payers (employers, insurance com- 
panies, and federal and state governments) less willing 
to approve new benefits for their members. 

The etiology of the current cost consciousness in 
healthcare is well known. American companies are 
now forced to compete globally. The relatively high 
cost of healthcare for American businesses has 
decreased productivity and hampered their ability to 
compete internationally. The rising cost of healthcare 
has also placed an increasing burden on federal and 
state governments and compelled them to better 
control their healthcare costs. The current debate 
regarding the solvency of Medicare illustrates this 
point. 

Regardless of the present healthcare environment, 
the cost of care must always be considered. Very few 
interventions in medicine offer actual cost savings. 
Most add cost while hopefully providing a reasonable 
benefit to patients. Supplying endless ‘cost-effective’ 


interventions could conceivably bankrupt our govern- 
ment and businesses. Patients, whether they are young 
or old, curable or incurable, afflicted with cancer or 
benign discasc, have always competed for healthcare 
resources. In today’s healthcare environment they are 
compcting for morc limited resources as cost-control 
efforts intensify. 

In the current healthcare marketplace, proof of 
efficacy and cost-effectiveness are central require- 
ments for the implementation of new medical inter- 
ventions. Practitioners must decide whether the 
dollars spent on a new intervention, such as prostate 
cancer screening, are worth the benefits (defined in 
terms of years of life saved, improved quality of life, 
or discomfort avoided), compared to alternative uses 
of the same dollars on more established interventions. 
The cost and benefits of prostate cancer screening and 
subsequent treatment can be definitively determined 
only by controlled, randomized trials with long-term 
follow-up. Until such studies become available, 
doctors and patients must make decisions regarding 
the appropriateness of prostate cancer screening 
based on the currently available evidence. This article 
will review the possible effect of widespread prostate 
cancer screening on total healthcare costs, followed 
by a review of several studies that have attempted to 
define the effectiveness and the cost-effectiveness of 
PSA screening and treatment. 


Effect of PSA screening on costs of 
prostate cancer treatment 


From a strict financial perspective, the most ‘cost- 
effective’ method of treating prostate cancer is proba- 
bly not to treat it at all. Treatment of a disease usually 
costs more than no treatment. 
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The benefits of saving years of life, years of life with 
full activity, or years of discomfort avoided are difficult 
to quantify in a strict financial perspective. However, 
to let men die of prostate cancer, or even to let prostate 
cancer progress locally without intervention, would be 
morally unacceptable in most countries. While most 
countries are certainly willing to commit some portion 
of its healthcare resources to the treatment of prostate 
cancer, the level of such commitment is not known. 
The proportion of total healthcare resources to be 
spent on treating prostate cancer is not merely an econ- 
omic decision, but a social and ethical decision as well. 
The controversy surrounding the costs of prostate 
cancer treatment is not due to the cost of treating 
prostate cancer detected by traditional methods (biopsy 
performed due to loca! symptoms, palpable nodule on 
digital rectal exam (DRE), or bone pain), but rather to 
the increased costs from the widespread use of PSA 
screcning. Society must decide whether this additional 
cost, resulting from the use of PSA screening for 
prostate cancer, is a worthwhile expenditure of health- 
care resources. This decision will be in part based on 
the magnitude of these additional costs and the benefits 
they produce for patients. 

Any discussion of the increased costs of prostate 
cancer due to PSA screening must address the issuc of 
clinically insignificant prostate cancer. The incidence of 
prostate cancer has increased markedly with the intro- 
duction of PSA. If this increased incidence is due to the 
detection of a large amount of clinically insignificant 
prostate cancer, the cost of prostate cancer treatment 
will rise with little benefit in terms of increased survival 
but with some increase in morbidity and mortality due 
to that treatment. This would not represent a wise use 
of healthcare resources. 

Several studics indicate that concern regarding 
increased incidental prostate cancer detection from PSA 
screening is unfounded (1, 2). By the strict pathologic 
criteria currently available, prostate cancer screening 
with PSA does not diagnose a larger proportion of clin- 
ically insignificant cancers than were diagnosed by tra- 
ditional methods of detection (biopsy performed due to 
local symptoms, abnormal DRE, or symptoms of 
metastatic disease). Much of the recent increase in 
prostate cancer detection is due to the detection of 
prevalence cancers (3). These are cancers that would 
have been detected in later years by the traditional 
methods mentioned previously, but are being detected 
carlier due to PSA screening. Once these prevalence 
cancers have been removed from the population by 
prostate cancer screening, the incidence of prostate 
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cancer detection should return to approximate histori- 
cal levels (3). 

Widespread use of PSA screening will certainly 
increase healthcare costs. The cost of a serum PSA 
(with or without the cost of a DRE) will be incurred 
for all men screened. The use of PSA will lead to a 
portion of screened men undergoing (and incurring the 
charges for) a transrectal ultrasound (TRUS) and 
prostate biopsy. These costs must also be attributed to 
screening. However, even without PSA screening, a 
significant number of these men would still undergo 
PSA testing and subsequent TRUS and prostate biopsy 
due to local symptoms or abnormal DRE. Several 
investigators have developed modcls to calculate the 
additional costs to the healthcare system due to 
screening. Optenberg and Thompson cstimated the 
cost resulting from the first year of screening men aged 
50-70 would be 27.9 billion dollars (4). They com- 
pared this to the 255 million dollars currently spent 
for prostate cancer treatment for men in this age 
range. Kramer et al. estimated the total costs of the 
first year of prostate cancer screening with PSA for 
men aged 50-74 would be 11.9 billion dollars (5). 
These estimates include the costs of scrcening, diagno- 
sis, treatment, and complications resulting from such 
treatment. 

These types of analyses can potentially lead to a 
gross over-estimation of the costs of screening. First, 
not all men aged 50-70 will be cligible for screening 
due to various co-morbidities, which will decrease thcir 
life-expectancy to less than 10-15 years. Second, not 
all men will submit to the screening exam. Virtually 
every medical group recommends serial mammography 
for women over age 50 and this recommendation has 
received widespread publicity for many years. Yet, less 
than 50% of eligible women have a mammogram ona 
yearly basis (6). Furthermore, one-third of men who 
volunteered for PSA screening as part of a research 
protocol, and subsequently had a suspicious examina- 
tion, refused further evaluation (1, 7). Given these 
facts, it seems likely that only a minority of eligible 
men would receive PSA screening and that only a 
portion of these men would receive further evaluation 
if indicated. Since the costs of screening and diagnosis 
represent only approximately 10% of the total costs 
resulting from prostate cancer screening (the remaining 
costs come from subsequent treatment of the prostate 
cancers detected) (8), it is unlikely that the increased 
costs duc to prostate cancer screening and subsequent 
diagnosis wil! significantly increase overall healthcare 
costs. 
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Treatment resulting from prostate cancer screening 
with PSA will, however, increase overall healthcare 
costs. This increase will not be duc to the detection of 
clinically insignificant prostate cancer. The majority of 
prostate cancers detected as a result of PSA screening 
are clinically significant and, therefore, would have 
eventually required treatment (provided screening is 
done in men with greater than 10 years of life- 
expectancy) (1, 7). PSA screening diagnoses cancers 
earlier than those same cancers would have been diag- 
nosed by traditional methods of prostate cancer detec- 
tion. This early detection increases healthcare costs by 
two factors: cost discounting and stage migration. 

Since treatment of prostate cancers detected by PSA 
screening will be treated several years earlier than if 
PSA screening was not in effect, treatment costs will be 
paid in present dollars rather than future dollars. The 
present valuc cost of treatment today is more than the 
cost of that treatment at some point in the future, just 
as a dollar paid to someone today is worth more to 
that person than a dollar to be paid one year from 
today. The reason for the increased value today is that 
the recipient does not have to wait one year to obtain 
the money and therefore will have access to that dollar 
for investment, consumption, or spending. Carter et al. 
have estimated that PSA screening will detect a prostate 
cancer on average 2.6-11.2 years earlier than that same 
cancer would have been detected by traditional 
methods (9). Table 33.1 demonstrates the increased 
costs in present valuc dollars, which occurs when 
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radical prostatectomy is performed several years carlier 
than otherwise would have occurred. A cost of 
$14 000 is assumed for radical prostatectomy with 
discount rates of 6%, 8%, 10%, and 15%. 

The concept of present valuc recognizes that money 
paid in the future is worth less than the same amount 
of money paid today. This difference in value occurs 
because the recipient of moncy in the future misses the 
advantages of a purchase or investment, which would 
have been possible if that money were paid today. This 
difference in value can be quantitated using the follow- 
ing relationship: 
PV=CK1 +7,)', (33.1) 
where PV is present value, C is the amount of money 
paid, r is the risk-adjusted discount rate and t is the 
time period when future money is to be paid. 

The risk adjusted discount rate (r) represents the 
opportunity cost of money for the individual or 
company in question. Both objective and subjective 
factors are used to estimate r. The risk-adjusted dis- 
count rate will vary among different individuals and 
different companies based on the cost of obtaining 
capital through debt and/or equity financing, the 
investment/business portfolio of the individual or 
company, the risk profile of the individual’s/company’s 
business and the risk of non-payment of the money 
that has been promised at some point in the future. The 
estimation of r is complex for a large company and is 


Impact on charges for radical prostatectomy if surgery is performed earlier (i.c. due to detection by PSA) than 


would have otherwise been performed (due to detection by traditional methods). A charge of $14 000 is assumed for radical 
prostatectomy, and impact on charges by discount rates of 6%, 8%, 10%, and 15% are calculated. For example, if surgery is 
performed 3 ycars earlier duc to PSA screening, and assuming a discount rate of 8%, the charge for radical prostatectomy will 


increase from $14 000 to $17 979. 


Year Discount rate 
6% 8% 10% 15% 

0 $14 000 $14 000 $14 000 $14 000 
1 $14 894 $15 217 $15 556 $16 471 
2 $15 844 $16 541 $17 284 $19 377 
3 $16 856 $17 979 $19 204 $22 797 
4 $17 932 $19 542 $21 338 $26 820 
5 $19 076 $21 242 $23 709 $31 552 
6 $20 294 $23 089 $26 343 $37 121 
7 $21 589 $25 097 $29 271 $43 671 
8 $22 967 $27 279 $32 523 $51 378 
9 $24 433 $29 651 $36 136 $60 445 
1C $25 993 $32 229 $40 152 $71 111 
11 $27 652 $35 032 $44 613 $83 661 
12 $29 417 $38 078 $49 570 $98 424 
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difficult to derive without detailed financial knowledge 
of that company. Because of the uncertainty regarding 
the appropriate risk-adjusted discount rate for a diverse 
group such as healthcare payers, a range of possible r 
values was used to generate Table 33.1. The rationale 
for this range of values was that health insurance is a 
predictable business using actuarial analysis. Because of 
this predictability, an r of 15% is a reasonable high- 
end estimate. For a healthcare payer with at least some 
degree of business risk to have an r as low as 6%, the 
yield on long-term (20-30 years) federal treasury 
bonds, which are perceived to be ‘risk-free’, would 
probably have to fall below 4%. Given the range of 
interest rates and inflation rates over the past 30 years, 
this scenario appears to be unlikely and thus 6% is a 
good low-end r value. 

The second reason for the higher costs resulting from 
PSA screening is due to the stage-migration effect 
caused by PSA screening. Greater than 95% of prostate 
cancers detected by PSA screening will be clinically 
localized and therefore eligible for early treat- 
ment (1, 7), while prostate cancers detected by tradi- 
tional methods arc clinically localized in only approxi- 
mately 63% of cases (10). Therefore, a larger 
proportion of men will be candidates for early treat- 
ment when PSA screening is practiced as opposed to 
traditional methods of detection. This stage migration 
due to prostate cancer screening will increase costs 
because treatment of clinically localized disease (such 
as radical prostatectomy and external-beam radiation) 
is more costly than treatment of metastatic disease 
(androgen ablation) (11). 

Although PSA screening detects clinically localized 
disease in greater than 95% of cases, only 65-75% of 
these cases will have pathologically organ-confinced 
disease (1, 7). The percentage of extra-prostatic cancers 
detected by screening is consistent with reports that 
30% of men reccive adjuvant therapy after radical 
prostatectomy. This adjuvant treatment will also add 
additional costs to the group of men detected by PSA 
screening. In contrast, while traditional methods of 
detection result in approximatcly 63% of cases being 
clinically localized, only half of these men have patho- 
logically organ-confined disease (12). Therefore, an 
approximately equivalent number of men in both 
groups will be candidates for adjuvant therapy. The 
timing of therapy (and subsequent cost-discounting) 
will again be a factor as the PSA-detected group of men 
will be candidates for adjuvant therapy several years 
earlier than the men detected by traditional methods. 
Adjuvant treatment options for men who have under- 
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gone radical prostatectomy and are found to have 
residual cancer include radiation therapy or early or 
delayed androgen ablation. Both groups of men will 
likely be candidates for delayed hormonal therapy at 
similar times, negating the effect of discounting. No 
data exists to estimate the ratio of different adjuvant 
treatment modalities utilized in the PSA-detected and 
traditionally detected groups of men. 

The costs of palliative treatment for local symptoms 
(medical therapy, TURP, androgen ablation) will be 
decreased by screening and subsequent early treatment, 
since radical prostatectomy and radiation therapy 
decrease the risk of local progression. This saving must 
be balanced by the increased spending needed to treat 
the complications of early treatment (incontinence, 
impotence, and bladder neck contracture). The net 
effect of these countering forces cannot be accurately 
calculated since no adequate control groups exist from 
which to estimate the need for and timing of palliative 
treatment for local symptoms in men who do not 
undergo PSA screening. 

Some have suggested that curative treatment of 
prostate cancer at an early stage by radical prostatec- 
tomy or radiation therapy will result in lower costs 
because the patient will be spared (and the payers will 
be saved the cost of) a death from metastatic prostate 
cancer. These costs would include palliative treatment 
of local disease (TURP, androgen ablation), palliative 
treatment of distant disease (radiation for bone pain, 
ureteral bypass for obstruction, pain control), 
and chemotherapy for hormone-refractory disease. 
However, one issue on which everyone can agrec is 
that all men, with or without prostate cancer, will die. 
No evidence exists that a death from metastatic 
prostate cancer is more or less costly than other causes 
of death. A patient with prostate cancer who is cured 
of his disease will eventually die from another cause, 
e.g. coronary artery disease. It is certainly possible that 
this type of death is more costly than the death from 
prostate cancer, which was avoided in this patient. 


Estimates of the effectiveness of 
prostate cancer screening 


Krahn et al. (11) and Fleming et al. (13) have published 
analyses of the effectiveness of the treatment of early 
stage prostate cancer and have found little or no clini- 
cal benefit from treatment of clinically localized 
prostate cancer. These studies received widespread 
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attention in the popular media and medical literature, 
resulting in an increased emphasis on watchful waiting 
for early stage prostate cancer. 

Both of these studies utilized decision-analysis 
(Markov) models. These modcls place patients in dif- 
ferent disease states (e.g. no evidence of disease, local 
symptoms, metastatic disease, death), which may 
change over designated periods of time. Utility factors 
are assigned to patients who suffer complications of 
treatment (impotence, incontinence, bladder-neck con- 
tracture). The outcomes from decision-analysis models 
are heavily dependent on the assumptions used to con- 
struct the model. Given the publicity these studies have 
received, and the controversy they have generated, it is 
worthwhile to evaluate the validity of the assumptions 
on which these models are based. 


Rate of progression 


The most important assumption in models of the effec- 
tiveness of prostate cancer treatment is the rate of 
disease progression. Both analyscs based their rate of 
progression for untreated patients on a Swedish cohort 
of men with clinically localized prostate cancer who 
were said not to have received treatment (14). Risk of 
progression was stratified by clinical stage in the Krahn 
study (11), and by grade in the Fleming study (13). The 
yearly rate of metastatic progression in the Fleming 
study was 2.7 per 1000 patients for men with well dif- 
ferentiated tumors, 13 per 1000 patients for men with 
moderately differentiated tumors, and 42 per 1000 
patients for men with poorly differentiated tumors. 
There are several reasons why this cohort of patients 
may not be a representative sample for men with clini- 
cally localized prostate cancer detected by screening. 
The average age of the men in the Swedish study was 
72, which is older than the ages recommended for 
screening (men aged 50-70). Moderately or poorly dif- 
ferentiated disease was present in 34.2% of men with 
cancer in the Swedish study (14), while 77.6% and 
78.2% of men diagnosed with cancer in large-scale 
United States screening trials had moderately or poorly 
differentiated disease (1, 7). In addition, a large pro- 
portion of these men were diagnosed by cytology, 
which leads one to question the diagnosis of cancer in 
at least some of these men (15). All of the men in this 
study were not untreated as the title of the article sug- 
gests, since almost half of the men underwent hor- 
monal therapy at some point during follow-up. This 
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study occurred prior to the PSA era, so biochemical 
progression due to rising PSA could not be measured. 
In addition, serum acid phosphatase, although avail- 
able, was not measured. 

This cohort may also represent a group of men des- 
tined not to progress. Although the death rate from 
prostate cancer in Sweden is among the highest in the 
world, the men in this study demonstrate a very low 
rate of progression. The low rate of progression found 
in these men may represent a ‘reverse length time bias’. 
Since these men were diagnosed by traditional methods 
of detection (resulting in late detection) and not by PSA 
(leading to earlier detection), by the time of diagnosis 
the men who were destined to progress may have 
selected themselves out of the cohort already. There is 
no question that some men with clinically localized 
prostate cancer will not progress. This group of men 
may simply represent a group with a large proportion 
of ‘non-progressers’, and not a true spectrum of clini- 
cally localized prostate cancers. 

As previously mentioned, the outcomes of decision- 
analysis models are heavily influenced by the assump- 
tions used to construct the model, most importantly the 
rate of progression. Although sensitivity analyses were 
performed in both studies using different treatment 
cfficacies, no sensitivity analysis was performed using 
different estimates of the natural history of prostate 
cancer. A sophisticated computer model is not neces- 
sary to determine that men with a 0.0027 annual risk 
of progression do not need treatment! 

Other studics can be used to represent the natural 
history of untreated localized prostate cancer. Beck et 
al. performed a sensitivity analysis using the Fleming 
Markov model but with more realistic progression 
rates (16). In this sensitivity analysis, Beck et al. used 
progression rates from a meta-analysis of recent watch- 
ful waiting series (14) and progression rates of men 
treated with brachytherapy at the Scott Department of 
Urology (17) (Table 33.2). Results were calculated with 
and without the quality-of-life adjustments used in the 
Fleming model and are shown in Table 33.3. By using 
these more realistic assumptions of the natural history 
of prostate cancer, the years of life saved by treatment 
of early stage prostate cancer increase by as much as 
13-fold. Treatment of moderately differentiated discase 
results in 2.58-3.06 years of life saved, while treatment 
of poorly differentiated disease results in 2.34-2.78 
years of life saved. The years of life saved, using these 
assumptions of the natural history of prostate cancer, 
compare very favorably to the years of life saved by 
other cancer screening programs (18). 
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Table 33.2 Comparison of the risk of progression over 10 years in the Fleming decision-analysis model, a meta-analysis of 
recent watchful waiting series, and the Scott Department of Urology brachytherapy series 


Grade of discase Fleming (13) 
Well-differentiated 2.7% 
Moderately 13% 
differentiated 

Poorly differentiated 42% 


Scott 


Meta-analyis (17) brachytherapy (16) 


19% 30% 
42% 50% 
64% 70% 


Table 33.3 Beck et al.'s sensitivity analysis of the years of life saved (with and without quality-of- life adjustment) by 
prostate cancer screening using the various estimates of the natural history of prostate cancer which appear in Table 33.2 


Years of life saved 
Without QOLA 
Fleming meta-analysis 


Grade of discase 


Well-differentiated 0.16 1.35 
Moderately differentiate 0.75 2.58 
Poorly differentiated 1.30 2.78 


QOLA = quality of life adjustment 


With QOLA 
Scott Fleming meta-analysis Scott 
2.06 (-)0.34 1.01 1.81 
3.06 (-)0.33 2.41 2.94 
2.47 1.0 2.68 2.34 


Data From Ref. 16. 


Quality-of-life adjustment 


The decision-analysis models also adjust for changes in 
quality of life due to side-effects of treatment, such as 
impotence and incontinence. These complications are 
assigned utility values, which are incorporated into the 
health states (c.g. no evidence of disease, local progres- 
sion, metastatic disease) in which the patient progresses 
throughout his life. 

While not as important as the rate of progression, the 
quality-of-life adjustment is certainly of critical impor- 
tance in these models. Given the low rate of progression 
of disease assumed in these models, most men will have 
many years of life after treatment, whether or not they 
are cured by treatment. Therefore, quality-of-life differ- 
ences are multiplied by many years and will markedly 
affect the results. The quality-of-life adjustment assigned 
to complications of treatment, were not based on stand- 
ardized, validated questionnaires. In the Krahn study, the 
effect of complications on quality of life were based on 
estimates from a small group (10 members) of urologists, 
radiologists, and oncologists. In the Fleming study, utility 
values were assigned to each health outcome state based 
on a consensus of clinicians involved in outcomes 
research and treatment of prostate cancer. Patients with 
prostate cancer were not surveyed in either study. 


In both decision-analysis models, patients with no 
evidence of disease were assigned a utility value of 1.0. 
No quality-of-life bencfit was assigned to men who 
were cured of disease. Many urologists, familiar with 
the satisfaction that a patient who undergoes radical 
prostatectomy expresses when told his prostate cancer 
is pathologically organ-confined and his post-operative 
PSA is undetectable, may disagree with this assignment. 
In addition, no decrease in quality of life was given for 
men who did not receive treatment and were left with 
the knowledge that they have cancer and have a risk of 
progression. 

The studies by Krahn et al. and Fleming et al. assume 
the impotency rate for radical prostatectomy is 
31-65%. However, the baseline impotency rate is not 
discussed. Men who were impotent pre-operatively 
should not have their quality of life adjusted down- 
ward due to pre-existing impotence. In addition, a 
potent 60-year-old man who becomes impotent post- 
operatively wil! have his quality of life adjusted down- 
ward for the remainder of his life using these models. 
The models do not account for the fact that a 
significant portion of men would become impotent 
later in life even if they were not treated for prostate 
cancer. Furthermore, in these models, the quality-of-life 
adjustment remains steady for a given complication for 
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che remainder of a patient’s life. It is unlikely the 
sualitv-of-life adjustment from impotence for a man at 
age 50 is the same as at age 70. 

This method of assigning quality-of-life changes has 
suestionable validity. But even if a large-scale standard 
was developed that had validity and reproducibility, its 
ability to measure quality-of-life changes for individual 
matients would remain suspect. It appears likely that 
zach patient will process the stated risk of complica- 
zons according to his own unique values, motivations, 
and priorities. Only that individual can weigh the 
-mportance in his life of continence, potency, the risk 
ot local progression, the risk of distant discase, and the 
ask of death. If a patient is given full, informed 
consent, he will select his treatment option, including 
watchful waiting, based on his own preference and pri- 
onnes. If he is willing to accept a risk of complications 
zor the perceived benefit of aggressive treatment, his 
sualirv-of-life adjustment may be less than expected if 
2 complication does occur because he will have 
accepted the risk of complications pre-operatively. 


Discounting future years of life 


The discounting of future years of life, similar to the 
wav future costs are discounted, is a controversial 
-ssue. The decision to discount future life-years is espe- 
cially important for screening or preventive programs 
-a which the costs are immediate but the health benefits 
are realized at some time in the future. For screening 
>rograms, the cost-effectivencss relies heavily upon 
whether future benefits are discounted. This is particu- 
‘arly true for prostate cancer screening because of the 
‘ead-time associated with PSA and the generally slow 
growth of prostate cancer. 

As discussed previously, present valuc analysis is a 
aidely accepted technique of weighting future dollars 
>v a discount factor to make them comparable to 
present dollars. Some authors argue that for consis- 
tency, the same discount factor should be applied to 
future health benefits as well. The reason for discount- 
:ng future years of life saved is not that life-years can 
ne invested to yield more life-years, in the same way 
that dollars can be invested to yicld more dollars, but 
rather that future years of life are being valued relative 
to dollars. If a dollar in the future is discounted relative 
to a present dollar, a year of life in the future should be 
discounted relative to a year-life in the present. If a 
constant steady state relationship between dollars and 
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health benefits is assumed, then health benefits must be 
discounted as well as health costs. However, discount- 
ing future years of life assumes that life-years in the 
future are less valuable than life-years today, not only 
from a financial perspective, but in a utilitarian sense as 
well, 

The rate used to discount the future years of life is 
also a matter of uncertainty. The discount rate depends 
on many factors, including the interest rate. Interest 
rates reflect differences between the productive poten- 
tial of investment capital and individual preferences 
versus future consumption of goods and services. 
Although historical trends are available to predict 
future interest rates, a large degree of uncertainty exists 
with these predictions. Medical knowledge and tech- 
nology may improve in the future, which would make 
saving lives in the future less expensive, further dis- 
counting future years of life saved. Societal attitudes 
concerning willingness to pay for years of life saved are 
subject to change, which could increase or decrease the 
‘value’ of future years of life. The cost of healthcare 
may also change, becoming more or less expensive 
compared to the opportunity cost of money. In the 
computer models reviewed in this article, the discount 
rate applied is 5%. For this approach to achieve valid- 
ity, extensive questioning of people of different ages 
over a multi-year time horizon to determine whether a 
year of life is worth more to a 60-year-old man than it 
is to a 70-year-old man, and if so, whether 5% is the 
appropriate discount rate. Until such data is available, 
the validity of discounting the future value of human 
life remains questionable. 


Cost-effectiveness of prostate 
cancer screening and treatment 


Benoit et al. have estimated the cost-effectiveness of 
prostate cancer screening in terms of cost per year of 
life saved (8). In this study, no attempt was made to 
estimate the rate of progression of untreated, clinically 
localized prostate cancer diagnosed by screening. 
Although no randomized, controlled study of the effec- 
tiveness of prostate cancer screening has been per- 
formed, several studies have demonstrated that men 
with pathologically organ-confined prostate cancer 
treated with radical prostatectomy have the same life- 
expectancy as age-matched men without prostate 
cancer (19-21). However, there is no available data 
that shows how many years of life would have been 
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lost in this cohort of men if they were not treated for 
their prostate cancer. To estimate this important infor- 
mation, Benoit et al. used a cohort of men from 
Northern Sweden that was studied by Grönberg et al. 
which compared the survival rate of those men with 
prostate cancer to the survival rate of the men in the 
national standard population (22). These men with 
prostate cancer were treated by non-curative methods 
(watchful waiting, androgen ablation) and were not 
treated with radical prostatectomy. The difference in 
survival rates between the men with cancer and the 
overall population of men werc the years of life lost 
due to prostate cancer. These results are similar to the 
years of life lost due to prostate cancer in American 
men as calculated by Albertsen (Table 33.4) (23). 


Table 33.4 Years of life lost due to prostate cancer for men 
aged 65-74 as calculated by Gronberg et al. (22) and 
Albertsen et al. (23) 


Gronberg Albertsen 
Grade of cancer years years 
Well-differentiated 2.2 0 
Moderately differentiated 4.9 45 
Poorly differentiated 7.1 6-8 


In the screening model created by Benoit et al. it was 
assumed that men with pathologically organ-confined 
cancer, detected by screening and treated by radical 
prostatectomy, benefit from screening. The benefit will 
be a regaining of the years of life that would have been 
lost from prostate cancer if the cancer had been 
detected at a later stage by traditional methods when it 
was no longer curable. It is important to note that this 
model did not assume that radical prostatectomy cures 
pathologically organ-confined prostate cancer. Rather, 
it is assumed that men with pathologically organ- 
confined prostate cancer treated by radical prostatec- 
tomy will have the same life-expectancy as 
age-matched men without cancer, which has been 
confirmed by several studies (19-21). 

Costs were calculated by adding the costs of screen- 
ing, diagnosis, treatment, and complications from 
treatment. By dividing the total costs by the years of 
life saved, the cost per year of life saved by prostate 
cancer screening was estimated (Table 33.5). These 
costs compare favorably to the costs per year of life 
saved for more established cancer screening programs 
such as breast, cervical, and colon cancer screening 


(Table 33.6). 
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Table 33.5 Cost per year of life saved by prostate cancer 
screening and treatment as calculated by Benoit et al. (8) 


Age range (ycars) PSA and DRE PSA alone 
50-59 $2339-$3005 

60-69 $3905-$5070 

50-69 $3574-$4627 $3574-$4956 


PSA, prostate-specific antigen; DRE, digital rectal exam. 


Table 33.6 Cost per year of life saved for various medical 
interventions 
Intervention (ref. no.) Cost per year of life saved 


Smoking cessation counseling (24) $5429-$15 833 


Hypertension control (25) $32 600 
Coronary artery bypass (25) $62 900 

Renal dialysis (26) $42 000-$80 300 
Liver transplantation (25) $225 000 
Screening mammography (25) $20 000-$50 000 
Cervical cancer screening (27) $33 572 


Colon cancer screening (28) $28 848-$113 348 


Accuracy of cost-effectiveness 
analyses 


Society’s objective in the expenditure of healthcare 
resources is to maximize the health benefits for the 
dollars spent. To facilitate these allocation decisions, 
the best information available on both the efficacy of 
medical practices and their costs must be made avail- 
able to decision-makers to allow valid comparisons 
among alternative uses of resources. For these compar- 
isons to have any degree of precision, accurate infor- 
mation on the cost and efficacy of medical practices 
involved must be available. If these studies do not 
contain this data, society (or the decision-makers 
society has appointed) cannot make valid comparisons 
among alternative uses for the available resources. 

The costs of prostate cancer screening, diagnosis, 
and treatment that would result if PSA screening was 
implemented nationally is unknown. This lack of infor- 
mation is due to several factors. The number of men 
who would undergo screening, subsequent diagnosis, 
and treatment is difficult to predict. National cost data 
for radical prostatectomy or external-beam radiother- 
apy is not available. Likewise, longitudinal cost data, 
which would demonstrate the short and long-term 
costs associated with routine follow-up care and com- 
plications resulting from treatment, have not been 


published. 
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Less data is available on the efficacy of prostate 
cancer treatment. The technique of several treatment 
:puons for clinically localized prostate cancer (radical 
prostatectomy, external-beam radiotherapy, cryosurgi- 
cal ablation of the prostate, and interstitial radiother- 
apy) has been changing during the last several years. 
This fact, combined with the long follow-up needed to 
determine the efficacy of prostate cancer treatment, 
Icaves little solid data on the long-term results of 
current treatments for clinically localized prostate 
cancer. 

Given the paucity of data regarding the cost and 
efficacy of prostate cancer screening and treatment, a 
cost-effective analysis cannot accurately predict the 
benefit (or lack of benefit) of prostate cancer screening. 
A cost-effective analysis must limit uncertainties and 
incangibles to achieve accuracy. The lack of solid data 
regarding the cost and efficacy of prostate cancer 
results in these uncertainties dominating any analysis. 
Several studics have been published that have evaluated 
the effectiveness and cost-effectivencss of prostate 
cancer screcning and treatment. Despite the inaccura- 
cies inherent in such analyses, these studies have 
received widespread attention in the medical and lay 
literature, and have been used to justify the denial of 
prostate cancer screcning. 

The particular objective of the cost-effective analyst 
must also be considered. Patients, physicians, and 
payers all have an interest in the outcome of these 
studies. Patients in a third-party payer system are inter- 
ested only in the benefits of screening and treatment, 
and arc not concerned about the costs involved. 
Physicians are certainly not disinterested participants in 
this controversy. Urologic surgeons stand to bencfit 
both financially and in terms of prestige. The perceived 
ability to cure a very common cancer will also serve to 
enhance urologists’ self-worth. Other specialists also 
have a stake in this issuc, since resources spent on 
prostate cancer screening and treatment will reduce the 
dollars available for treatment of other diseases. 

The payers of healthcare have an obvious interest in 
the outcome of these analyses. Their objective is to 
limit expenditures while maintaining client satisfaction. 
PSA screening will increase the resources expended to 
treat prostate cancer because of the lead time and stage 
migration associated with the carly detection of 
prostate cancer. Additionally, private insurers generally 
cover their clients until the age of 65, at which time 
Medicare coverage begins. The lead time associated 
with PSA screening will result in a substantial propor- 
tion of men being diagnosed with prostate cancer prior 
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to the age of 65 rather than after the age of 65, there- 
fore transferring costs from Medicare to the private 
insurer. Studies that demonstrate the lack of effective- 
ness or cost-effectiveness of prostate cancer screening 
and treatment, allow the payers of healthcare to deny 
these benefits without resulting in client discontent. 


Conclusions 


Widespread PSA screening will increase overall health- 
care costs. This increase will not result from the detec- 
tion of clinically insignificant prostate cancer, but 
rather the stage migration caused by prostate cancer 
screening. This stage migration will result in a larger 
percentage of men with prostate cancer undergoing 
early treatment options, which are more expensive than 
treatment of late disease. More importantly, early 
detection of prostate cancer will lead to treatment 
several years earlier than would have occurred other- 
wise. Since treatment will then be paid for in current 
rather than furure dollars, the opportunity costs of 
moncy will make treatment costs resulting from PSA 
screening greater than treatment costs resulting from 
traditional detection. 

The critical question is what benefits will be obtained 
by the expenditure of these additional healthcare 
dollars. If early treatment of clinically localized cancer 
has little or no effect on cause-specific survival, the 
additional healthcare costs will have been spent only to 
limit eventual treatment of local symptoms in the 
screened men. If early treatment of prostate cancer can 
increase survival, the added expense would be more 
worthwhile. Since there is not adequate data available 
to address this issue, several approaches have been used 
to develop models to estimate cost-effectiveness. 

Decision-analysis models have been used to evaluate 
the effectiveness of prostate cancer screening and treat- 
ment, and have found little or no benefit. The current 
review has demonstrated how assumptions used in the 
models can influence the results. Benoit et al. have also 
constructed a model of the effectiveness and cost-effec- 
tiveness of prostate cancer, but in this study only concrete 
parameters such as cost, published complication rates, 
and survival data were used. This quantitative analysis 
demonstrated that prostate cancer screcning may well be 
an effective and cost-effective healthcare intervention, 
compared to currently accepted medical interventions. 

Although men aged 50-70 will potentially benefit the 
most from PSA screening, this benefit will not be real- 
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ized until these men are in their seventh and cighth 
decade of life. Society must decide if the years of life 
saved in these men warrants the usc of its limited 
healthcare resources. This decision will be easier when 
randomized, controlled trials are available to quantify 
the costs and benefits of PSA screening. 
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and cellular origin of PCA 121 
microscopic features 193 
morphobiological features for 
recognition 122 
and PIN 104, 109 
differential diagnosis 107, 129 
seminal vesicle involvement 195 
see also adenosis 
adenocorticotropic hormone (ACTH) 
13 
adenoid cystic carcinoma 193 
adenomatous polyposis coli (APC) gene 
139 
adenosis (atypical adenomatous 
hyperplasia) 110-12, 407-8 
and adenocarcinoma 111-12, 129, 
138 
management 112 
morphological changes 122-3 
pathology 111, 136 
and PIN 137-8 
see also adenocarcinoma 
adenosquamous carcinoma 193-4 
adenoviral vectors 328-9 
adjuvant therapy 277 
see also neoadjuvant hormonal 
therapy 
adrenal gland 302-3, 304 (fig.) 
adrenoreceptor antagonists 38-9 


al-adrenorcceptor blockers and PSA 
levels 212 
adriamycin 317, 318 
advanced transrectal ultrasound 
179-80 
age 
and conservative treatment 292 
effects of ageing 12, 22, 23, 36-7 
elderly patients 343 
co-existing diseases 343 
diagnosis and screening 343-4 
extra-prostatic disease 347-8 
histologic grade 345 
management 345-6 
mental state 343 
radiation treatment 347 
radical retropubic prostatectomy 
346 
staging of PCA 344-5 
external-beam radiotherapy 243 
genetic factors 433 
and heredity 54 
hormonal changes in puberty 408 
and incidence 53-4, 81, 243, 343 
mid-life symptoms 408 
optimal patient for therapy 230 
PSA reference ranges 75-6, 156-7, 
216-17 
and risk 78 
screening 
problems 79 
and PSA 74, 75-6 
US Medicare for paticnts over 65 37 
Vitamin D deficiency 60 
AgNOR quantitation 136 
AHCPR see United States Agency for 
Health Care Policy and 
Research 
alcohol 62, 63 (table) 
aldolase A 17 
allelic loss 55, 138-9 
allodynia 381 
alpha-2 adrenergic agonists 385 (table) 
alpha-blocking agents 38-9 
and finasteride 40-2 
lack of long-term evaluations 38 
alpha-catenin 55 
alpha-tocophenol 60 
alprostadil (MUSE) 400 
American Cancer Society (ACS) 78, 
168, 175, 216 
American College of Physicians 78 
American College of Surgeons 
Oncology Group (ACSOG) 
442, 446 
American Society of Regional 
Anesthesia (ASRA) 389 


American Urological Association 
(AUA) 35, 42, 78, 290 
see also AUA symptom index 
amino acid derivatives 11 
amino acids 14 
aminotransferase enzymes 14 
amitryptiline 368 
amplifying cells (intermediate cells) 
120 
anaerobic bacteria 29, 30 
analgesia see anesthesia; drugs 
anastomosis in radical prostatectomy 
235—6 
anatomy 117-18 
functional 9-11, 84 
topographical 4—6, 9 
lymphatic drainage $ 
neural anatomy 5-6 
pelvic fascia 4 
prostatic relations 4 
vascular supply 4-5 
see also canine prostate; 
morphobiology; primate 
prostate; rodent prostate 
anchorage independence 55, 125 
androgens 11, 12, 19, 56 
ablation 13, 399, 407 
acting as mitogens 140 
of adrenal origin 302-3 
androgen independence in PCA 
127-8 
androgen receptors 56, 87, 140, 
199 
androgen-dependent cell lines 11 
combined androgen blockade 303-5, 
306-7, 308-11 
clinical trials 447-8 
deprivation therapy 18, 22, 128, 
447 
and radiotherapy 247-50 
and diet factor 56 
extrinsic and intrinsic factors 
414-16 
intracrinology 303 
LHRH agonists 278, 302 
reversible androgen-suppression 
therapy 278 
sensitivity of soft tissue disease to 
androgen withdrawal 
278-9 
testicular 301-2 
urinary androgen levels 56 
and vasoregulation 13, 22 
see also hormonal therapy 
androstenedione (DIONE) 12, 302 
androsterone glucuronide/3a/17B 56 
androsteyediol 13 
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anesthesia 
and acute pain management 375 
neuraxial 388-9 
oral/parentcral local 385 (table) 
topicalflocal 42 
aneuploidy 55 
angiogenesis 15, 16, 125 
angiogenic factors 140-1 
and dict in PCA progression 200, 
418-19 
intratumoral 136 
morphobiology 125 
angiosarcoma 194 
angiostatin 15, 125 
angiotensin-II 16 
anorexia and palliative care 362 
anterior fibromuscular zone of prostate 
117, 118 
anti-emetic medication 361 (table) 
3634 
anti-sense oligonucleotides 334 
antiadrenergic drugs 17 
antibiotics 
bacterial prostatitis 28, 29, 32 
and lymphedema 364 
peri-operative 233 
and prostate biopsy 213-14 
antibodies 
monoclonal 136, 187, 210 
subtype-specific 18 
ai-antichymotrypsin (ACT 
predominant form) 76, 77 
anticoagulation 365, 389 
anticonvulsants 385 (table) 
antidepressants 384 (table), 388 (table) 
antioxidants 59 
antisense strategies in gene therapy 320 
apocrine secretion 11 
apolipoprotein D (Apo-D) 140 
apoptosis 13, 22, 40, 138 
apoptosis-related genes 139-40 
and bcl-2 gene 203-4 
control in cancer progression 127 
and immunotherapy 96 
in transgenic models of prostate 
cancer 91 
arachidonic acid release 18 
arcuate line of pelvis 4 
arginase vasopressin 16 
arginine and NO 17 
arteries see individual arteries; vascular 
supply 
arthroplasty 378 
aspartic acid 14 
aspirin 359 
asthenia 388 
atrial natriuretic peptide 16 
atrophy in benign lesions of prostate 
112 
atropine 17 
‘atypical’, problem of using term 111 
atypical adenomatous hyperplasia 
(AAH) see adenosis 
atypical glands suspicious for 
adenocarcinoma 112 
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AUA Symptom Index 35, 38, 40, 42 
after transurethral 
electrovaporization of 
prostate 45 
Australian Cancer Society 78 
autocrine control mechanisms 22 
autonomic dysregulation 381 
autonomic nerve supply 5 
‘autopsy cancers’ 74, 79 
autoradiography and prazosin 18 
AV see gene therapy, viral vectors, 
adenoviral 
avascular necrosis of femoral/humoral 
head 377-8 
azotemia 154 


baboon prostate 86 
Bacillus Calmette-Guérin (BCG) 31 
bacteria see individually named bacteria 
bacterial prostatitis 28-9 
Bacteroides spp. 28 
balloon distention 369 
basal cells 104-5, 119-20 
basal membrane barricr 125 
basal-cell hyperplasia 112 
basic fibroblastic growth factor (bFGF) 
11, 15-16, 125, 136, 201 
Batson’s plexi 5 
BCG see Bacillus Calmette-Guérin 
bcl-2 apoptosis-suppressing oncogene 
55, 91, 139 
behavioral therapy 388 
benign lesions of prostate 112-13 
benign prostatic hyperplasia (BPH) 3, 
, 3 
antibiotics 32 
familial incidence 37 
HIFU treatment 270-1 
Impact Index 36 
increased serum estradiol level 12 
inflammation 30 
and lower urinary tract symptoms 
35-7 
morphobiology 129 
morphology 123 
open prostatectomy 45 
prevention with finasteride 41 
PRL levels 23 
and prostatic growth 12, 36 
risk factor 64 
serum PSA level 155 
benign prostatic secretory epithelium 


benzodiazepine 371, 388 
bFGF see basic fibroblast growth factor 
(bFGF) 
bias in testing for PC 72, 79 
bicalutamide 278, 303, 315, 317 
biliverdin 17 
‘biofilm bacteria’ 29 
biology 135 
atypical adenomatous hyperplasia 
and PCA 138 
genetic alterations 138-42 


allelic loss 138-9 
angiogenic factors and 
angiogencsis 140-1 
apoptosis-related genes 139-40 
cell-adhesion molecules 141 
chromosomal abnormalities 138-9 
gains of chromosomes 139 
growth factors and growth factor 
receptors 140) 
see also growth factors as main 
heading 
hormones and hormone receptors 
140 
oncogenes 142 
ploidy 139 
telomerases 142 
tumor-suppressor genes 141 
growth kinetics 135-7 
intra-epithelial neoplasia and PCA 
137-8 
of prostate-specific antigen (PSA) 
209-10 
biopsy 32, 74, 75, 79, 162-8 
computer simulation model 165-6 
fine-needle aspiration (FNAB) 186 
parameters influencing results 166 
post-cryo-ablation results 261-2 
post-radiation biopsy 244 
repcat biopsies 109, 110, 128, 179 
criteria/indications for 166-7, 168 
routine transition zone (TZ) 165 
sextant approach 179, 195, 196, 
214-15 
transperineal 162 
transurethral prostate biopsy 167-8 
see also transrectal ultrasound guided 
needle biopsy 
bisphosphonates, intravenous 361 
bladder 6, 154 
calculi 38 
carcinoma 35 
contracture of neck 6, 45 
damage 38 
dysfunction 377 
irrigation in hematuria 369 
sparing neck during radical 
prostatectomy 235 
bleeding 
rectal 164, 246 
see also hemorrhage; thrombo- 
embolic disease 
bleomycin 366 
blood 
clevation of protein concentration 
15 
minimizing loss during surgery 5, 


testosterone binding 12 
blood flow to prostate 13-14, 15 
blood pressure 

in tamsulosin treatment 39 

see also hypertension 
blood transfusion in radical retropubic 

prostatectomy 232 

blood-borne sex steroids 12 


BMP see bone morphogenetic protein 
(BMP) 

body mass index 62 

bombesin 137, 419 

bone density 40 

bone metastases see metastases, bone 


bone morphogenetic protein (BMP) 90 


bone turnover 40 
bowels 
dysfunction 377 
see also constipation 
obstruction, malignant 363-4 


preparation for radical prostatectomy 


232-3 
Boyarsky score 38, 39 
BPH see benign prostatic hyperplasia 
brachytherapy 186, 295, 446 
brain metastases see metastascs, 
cerebral 
BRCA see breast cancer-associated 
genes 
breast cancer 
associated genes (BRCA1/BRCA2) 
56, 436 
family history and gene counseling 
436 
and PSA 209-10 
breathlessness see dyspnea 
bromocriptin 22 


bromodeoxyuridine incorporation 136 


bupivicaine 366 
buprenorphine 382 
butorphanol 382 


CAB see combined androgen blockade 
(CAB) 

cachexia 362, 388 

cadmium 63, 64 

CAG repeat numbers 56 

Cage Questionnaire 379, 380 (fig.) 

calcitonin 137 

calcium channel antagonists 368 

calcium channels 18 

calcium ions 11 

calories 56 

CAM see cell-adhesion molelcules 

cAMP 24 

Canadian Urologic Oncology Group 


249, 281, 285 
cancer 
prostatic see prostatic cancer 
(PCA) 


see also carcinoma 
cancer cell lines 11, 24, 87-90 
human tumors 87-9 
immortalized cell lines 89 
xenografts 89-90 
Cancer Evaluation Rehabilitation 
System Short Form 
(CARES-SF) 354 
Cancer and Leukemia Group B 
(CALGB) 449 
cancer progression, morphobiology 
125-8 
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cancer-related thrombo-embolic disease 
364-5 
Candida (ycast) 29, 30 
canine prostate 85-6 
CAP see prostate cancer (PCA) 
capillary transit time 12, 13 
capsule 3-4 
capsular involvement 77, 195 
margins of resection 195 
carbon monoxide (COU2u) 17 
carboplatin 376 
carcinogens 64 
carcinoma 193-4 
and intra-epithelial neoplasia 53 
in transitional zone of prostate 3 
see also cancer; individual types 
carcinosarcoma 194 
cardiac catheterization and PSA levels 
213 
carotene 59-60 
castration see hormonal therapy, 
combined androgen blockade; 
luteinizing-hormone-releasing 
hormone (LHRH); 
orchiectomy 
catalytic ribozymes 334-5 
catecholamines 11, 16, 17 
cathepsin D 202 
catheter division in radical 
prostatectomy 234 
catheterization in urinary incontinence 
370 
cationic liposomes 325-6 
cauda equina compression 377 
cavernosal nerves 4, 6 
sparing during radical prostatectomy 
2345 
CBG see cortisol-binding globulin 
(CBG) 
cells 
cell kinetics in histology 119-21 
cell mutations, p53 87 
cell-substrate attachment in stromal 
invasion 125 
cell-adhesion molecules (CAM) 56, 
122, 141, 331-2 
as markers 201-2 
cell-proliferation markers 199-200 
cell-wall deficient bacteria 29, 30 
cellular origin of PCA 121 
inter- and intracellular signaling 
pathways 419-20 
inter-relationship between intrinsic 
factors 420-2 
loss of adhesion in stromal invasion 
124-5 
molecular cell-cycle control 126-7 
phenotype characteristics of 
malignant cells 121 
proliferation 127, 136 
in prostate histology 119-21 
stem-cells 121 
see also apoptosis; cancer cell lines; 
individual types 
cellulitis in lymphedema 364 
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central zone of prostate 117, 118 
cerebral metastases 367-8 
chemoprevention 
prostatic intra-epithelial neoplasia 
110 
studies 441-2, 443 
chemotherapy 318-19 
associated acute pain 376 
chest drain insertion procedure 366 
chimpanzce prostate 86 
Chlamydia sp. 29, 31 
Chlamydia trachomatis 30, 32 
cholesterol 11 
cholinergic stimulation 17, 18 
chromatin 12 
chromium 64 
chromosomal abnormalities in PCA 
cells 138-9 
allelic loss 138-9 
chromosomal alterations 54-6 
BRCA (breast cancer-associated) 
genes 56 
cell-adhesion molccules 56 
E-cadherin and alpha-catenin 55 
HPC1 (hereditary prostate cancer 1) 
gene 56 
loss of heterozygosity 55 
proto-oncogenes 55 
tumor-suppressor genes 55 
chronic abacterial prostatitis 29-30 
chronic bacterial prostatitis 28-9, 31 
chronic pelvic pain syndrome (CPPS) 
ciprofloxacin 214 
cisplatin 319, 376 
citotoxic-reduction gene therapy 95-6 
citrate 13, 23 
citricogenesis 13, 14, 15 
classification of rumors 130 
clinical presentation and investigation 
of PCA 153 
clinical manifestations 153—4 
local disease 153-4 
locally advanced disease 154 
systemic disease 154 
clinical stage in optimal patient for 
therapy 230-1 
combination of diagnostic modalities 
162, 187 (fig.) 
digital rectal examination 154-5 
human glandular kallikrein 160 
new imaging techniques 162 
new PSA derivatives 159-60 
complexed PSA 159 
ProstAsure Index 159 
PSA transitional zone density 159 
prostatic acid phosphatase (PAP) 11, 
15, 160, 175, 209 
prostatic biopsy 162-8 
PSA 155-9 
age-specific reference ranges 156-7 
density 156 
percentage of free PSA 157-9 
velocity 157 
transrectal ultrasound 160-2 
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clinical trials see meta-analysis of 
clinical trials 
cloning of gene encoding LH/CG 
receptor 24 
coagulase-negative bacteria 30 
coagulation (free beam) laser 
prostatectomy (VLAP) 42 
cobalt 64 
Cochrane Collaboration 444 
codeine 359, 382 
cognitive impairment 386-7 
colic 377 
collagen 4 
colostomy 363 
combined androgen blockade (CAB) 
249, 303, 309-11, 447-8 
complications after radiotherapy 
245-6 
computerized tomography (CT) 
imaging 177, 186, 220 
conservative treatment 292 
constipation 362-3, 385-6 
see also bowels, dysfunction; bowels, 
obstruction 
contact laser vaporization of prostate 
42 
contractile activity 17-18 
androgen effects 19 
hormonal control 17 
muscarinic 18 
pharmacology 17-18 
Cooper’s ligament 4 
corrective gene therapy 95-6 
corticosteroids 384 (table) 387 
cortisol-binding globulin (CBG) 12 
Corynebacterium sp. 28, 29, 31 
cost in healthcare see social and 
economic implications of 
PCA 
counseling see genetic counseling; 
psychosocial counseling 
CPPS see chronic pelvic pain syndrome 
(CPPS) 
cryosurgical ablation of prostate 5, 
256-7 
clinical trials 446 
features of effective treatment 258 
history 256-7 
mechanisms of tissue injury 257-8 
multiple freeze-thaw cycles 258 
probe number/distribution 259-60 
results 260-4, 398 
post-cryo morbidities 262-4 
post-cryo-ablation biopsy 261-2 
PSA 261 
salvage cryo-ablation radiation 
failures 264 
therapeutic decision-making 295-6 
thermocouple monitoring 259 
urethral warming 259, 260 (table) 
262 
CSAP see cryosurgical ablation of 
prostate 
CT scanning see imaging, computerized 
tomography (CT) 


Index 


cyclizine 363 

cyproterone acetate 280n, 316, 447 
cystitis 28 

cystoscopy, diagnostic 36 

cytokine 11, 16 

cytoplasmic reactivity 138 


DAG see diacylglycerol (DAG) 
daidzein 417 
dairy products in diet 58 
death see mortality 
decision-making, therapeutic see 
treatment, decision-making 
deep dorsal vein of penis 5, 6 
dehydroepiandrosterone (DHEA) 
12-13, 302-3 
delayed bladder neck contracture 6 
deletion colon carcinoma (DCC) gene 
139 
delirium 386-7 
demography and mortality rates 8t 
demyclination 377 
Denonvillier’s fascia 4, 6, 7 
in radical perineal prostatectomy 
238 
dephosphorylations 11 
depression and pain 387-8 
see also psychological problems 
desiccation technique 45 
detection rates 80 
detrusor pressure 44 
device therapies 42-4 
lasers 42-4 
thermal therapy (TUMT) 43-4 
transurethral needle ablation 
(TUNA) 44 
dexamethasone 24, 317, 319, 363 
for cerebral metastases 367 
for dyspnea 365 
for nausea and vomiting 386 
dextroamphetamine 387 
dextromoramide 360 
dextropropoxyphene 359 
DHEA see dehydroepiandrosterone 
(DHEA) 
DHT see dihydrotestosterone (DHT) 
diabetes mellitus 64 
diacylglycerol (DAG) 11, 18 
diagnosis 15, 53, 71, 75, 195 
AAH and PIN differential diagnosis 
122-3 
assessment of pain and other 
symptoms 379 
cerebral metastases 367 
clinical use of PSA measurements 
211-13 
combination of diagnostic modalities 
162 
degree of accuracy of ultrasound 
178, 180 
depression 387 
evaluation of pain 358-9 
evidence of efficacy of early diagnosis 
229-30, 305-6 


‘gray’ zone (intermediate PSA range) 
76, 77 
and medical image modalities 188 
morphobiological basis in PCA 
121-2 
needle core biopsy 128-9 
over-diagnosis 80 
predictive markers 195 
prostatic inera-epithclial neoplasia 
106-7, 123 
and screening of elderly patients 
343-4 
see also clinical presentation and 
investigation 
dialysis and PSA levels 213 
diamorphine 360, 363 
diathermy in hematuria 369 
diazepam 365 
Dibenzyline 17 
DIC see disseminated intravascular 
coagulation (DIC) 
diet 57-61, 64-5, 408-9 
and angiogenesis 418-19 
in cancer cachexia 362 
clinical trials 441 
concept of prevention 423-5 
environmental factors 432 
etiology and diet 410-11 
fat 57-9, 319-20 
Lutheran men 57 
Mediterranean type 60, 409 
phyto-cstrogens 411-13 
retinoids 59-60 
Seventh Day Adventists 57, 60 
Western type 56, 60, 409 
diethylstilbestrol (DES) 278, 445 
differentiation of tumors 230 
difluromethylorithine (DFMO) 441 
digital rectal examination (DRE) 35, 
41, 154-5 
before TRUS 160 
effect on PSA levels 211 
limitation in evaluation 155, 164 
method 155 
as predictor of ultimate clinical stage 
230-1 
and repeat biopsy 166 
in screening 72-3, 78 
unreliable in diagnosing PIN 107 
dihydrocodcine 359 
dihydrotestosterone (DHT) 13, 15, 39, 
40, 414 
dihydroxyvitamin D (1, 25-D) 61 
dinucleotide repeats 57 
DIONE see androstenedione 
(DIONE) 
diphtheroids 29, 30, 31 
dissection (surgical) 
apical glandular 6 
of Denonvillicr’s fascia 4 
lateral prostate 4 
lymph node 5 
disseminated intravascular coagulation 
(DIC) 364 
diurctics 364 


DNA 
accumulation of abnormalities 
126-7 
aneuploid DNA content 196, 200, 
201 
coatcd gold particles 325 
content in atypical adenomatous 
hyperplasia 123 
cytometric analysis 136 
naked (plasmid) 325 
and new estrogen receptor 416 
and nuclear matrix proteins 201 
ploidy 139, 200 
polymer-DNA complexes 326 
polymorphism (‘germline’) 57 
Docetaxel (taxotere) 318 
doctor see primary care physician (PCP) 
Donier Urowave therapy 43 
Doppler sonography see ultrasound, 
Doppler sonography 
dorsal vein of penis 5 
dorsal venous complex in radical 
prostatectomy 233 
dosage of drugs in palliative care 
359-60 
dose-volumce histogram (DVH) 246 
doxazosin 38, 39 
drainage tubes, contraindications 370 
DRE see digital rectal examination 
(DRE) 
drugs 
adjuvants to conventional analgesics 
368 (table) 384-8 
analgesic ladder (WHO) 359-60, 
382 
narcotic analgesics in pain 
management 382-4, 388-9 
routes of administration 382 
see also individual drugs 
DVHI see dose-volume histogram 
(DVH) 
dying patient care 371, 387-8 
dysfunction obstructive voiding 29 
dysplasia 22 
dyspnea 365-6, 363 (table) 
dysuria 28, 153 


E-cadherin 55, 141, 201 
E-cpitope 77 
Eastern Cooperative Oncology Group 
(ECOG) 446-7, 449 
economic implications of PCA see 
social and cconomic 
implications of PCA 
edema 364 
pulmonary 366 
education and genetic counseling 431, 
437-8 
EGF see epidermal growth factor (EGF) 
ejaculation 3, 211 
effect of finasteride 40 
cffect on PSA levels 155, 211 
and pilocarpine 17 
retrograde 45, 399, 401 
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elastin 4 
elderly patients see age, clderly patients 
electrocardiography 39 
electrolyte-imbalance symptoms 154 
clectrovaporization see transurethral 
electrovaporization of prostate 
embolization 
in hematuria 369 
lymphatic 4 
encephalopathy 388 
endocrine therapy (intermittent) and 
PSA 222 
endometrioid adenocarcinoma 194 
endopelvic fascia 4, 6, 7 
in radical prostatectomy 233 
endothelial cell 13, 15, 16 
endothelin 13, 15, 16, 137 
energy production 14 
energy sources used in treatment 
268-9 
enlargement of prostate 36 
enolase 1 17 
Enterobacteriaceae infection 28 
enterococcal bacteruria, recurrent 30 
enterolactone 417 
environmental factors and diet 432 
enzymes 15 
enzyme defect of androgen 
metabolism 56 
inhibition of steroid-metabolizing 
enzymes 417-18 
see also individually named 
enzymes 
EORTC QLQ 354-5 
Ep-CAM glycoprotein 138, 141 
epidemiology 53 
epidermal growth factor (EGF) 11, 17, 
136, 140, 201, 414 
epididymis 15 
epidural spinal cord compression 
(malignant) 154, 377 
epirubicin 318 
epithelial cells 11, 13, 40 
neoplastic luminal prostatic 91 
prostatic intra-epithelial neoplasia 
104 
epithelial neoplasms 193-4 
epithelium 9 
EPS see expressed prostatic secretion 
(EPS) 
ER see estrogen receptor (ER) 
erectile function/dysfunction 6, 7, 45, 
262-3 
after surgery/radiotherapy 399, 400 
erythropoietin 17 
Escherichia coli 28, 332 
estracyt 317 
estradiol (EU2u) 12 
estramustine 317-18 
estramustine phosphate 280n, 449 
estrogens 11, 12-13 
complications 302, 399 
in PCA prevention 416-17 
vasoprotective effects 13 
see also phyto-estrogens 
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estrone sulfate 12 
ET-1 see endothelin-1 (ET-1) 
ethamsylate 369 
ctiology 
of prostatitis, microbiological 29 
in relation to dictary habits 410-11 
and risk factors 53-4, 135 
etoposide 318, 319, 376 
European Organization for the 
Research and Treatment of 
Cancer Quality of Life 
Questionnaire (EORTC QLQ) 
354 
exercise and PSA levels 213 
explant cultures 23 
expressed prostatic secretion (EPS), 
inflamed 30 
extension of carcinoma see spread of 
carcinoma 
external iliac vein 5 
external-beam radiotherapy see 
radiotherapy, external-beam 
extra-prostatic disease in elderly 
patients 347-8 
extracellular matrix 16, 87 
extravasation 375-6 
extrinsic factors in prostatic growth 
414 


FACT see Functional Assessment of 
Cancer Therapy (FACT) 
family history 54, 192 
benign prostate hyperplasia 37 
breast/ovarian cancer 436 
genetic counseling case cxamples 
438 
and hereditary PCA 430, 431-2, 
433-4, 436 
public awareness 78 
and risk 78 
see also heredity; relatives’ roles 
farming and risk of PC 63, 64 
fascia see endopelvic fascia; pelvic 
fascia; retroperitoneal fasciae; 
transversalis fascia 
fat in dict 56, 57-9, 319-20, 409, 
441 
fatigue see asthenia 
fatty acid synthase 14 
fatty acids 39 
FDA see Food and Drug 
Administration of the United 
States 
feedback variables 15 
fentanyl 360, 382 
feral growth 3, 23 
FGF-7 see keratinocyte growth factor 
(KGF) 
fiber in diet 60 
fibrinolysis, vascular 15 
fibroblast growth factor (FGF) 91, 
136, 414-16 
fibroblasts, stromal 11 
fibrosarcoma 194 
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finasteride 23, 39-40 
and cell lines derived from tumors 
87 
effect on PSA levels 155, 212 
Prostate Cancer Prevention Trial 
(PCPT) 441 
vs alpha-blockers 40-2 
fine-needle aspiration biopsy (FNAB) 
186 
fine-needle aspiration (FNA) in PIN 
106 
fistulae 
recto-urethral 262 
urinary 369-70 
flow rate see uroflow rate 
fluoroquinolines 31, 32 
flutamide 278, 280n, 285, 303-4, 
315-16 
clinical trials 448 
and combined androgen blockade 
309 
withdrawal syndrome 316-17 
FNA see fine-needle aspiration (FNA) 
follicle-stimulating hormone (FSH) 22, 
24-5 
food see dict 
Food and Drug Administration (FDA) 
of the United States 39, 43 
formalin 369 
fractures in systemic disease 154 
free fatty alcohols 39 
fructose 15 
fruit in diet 60 
FSH see follicle-stimulating hormone 
(FSH) 
Functional Assessment of Cancer 
Therapy (FACT) 354, 397 


G-protein 18 
gadopenetate dimeglumine 
(gadolinium-DTPA) 183~—4 
Gallup Organization of Princeton (NJ) 
35 
ganciclovir (GCV) 320 
GDEPT see gene-directed enzyme 
prodrug therapy (GDEPT) 
gender and cancer 72 
gence therapy 94-6, 320-1, 324 
ablative 334-5, 399 
categories 324 
cell-adhesion molecules (CAM) 
331-2 
corrective 94-5 
pre-clinical models 330-2 
cytoreductive 332-4, 337 
cytoroxic-reduction in pre-clinical 
models 95-6 
immunomodulatory 320, 335-7 
new therapies 204 
non-viral vectors 324-6 
cationic liposomes 325-6 
DNA-coated gold particles 325 
naked (plasmid) DNA 320, 325 
polymer-DNA complexes 316 
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p21 protein 331 
p53 331 
retinoblastoma Rb 331 
strategics 330-32 
suicide genes 332 
tumor-suppressor genes (TSG) 332 
with vaccines 320-1 
vectors 324-30 
viral vectors 320, 326-30 
adeno-associated 329-30 
adenoviral 328-9 
retroviral 327-8 
see also genes; genctic counseling 
gene-directed enzyme prodrug therapy 
(GDEPT) 332-3 
general practitioner (GP) see primary 
care physician (PCP) 
genes 
amplification 56 
genetic altcrations 138-42 
apoptosis-related genes 139-40 
gain 139 
ploidy 139 
genetics of PCA 434-6 
metastasis-associated 127 
proto-oncogenes 55 
relationship between PIN and 
prostate cancer 138 
susceptibility 54 
tumor-suppressor (TSG) 55, 141-2, 
203, 332 
see also gene therapy; genetic 
counseling; 
genetic counseling 430 
case examples 438 
family history 431-2, 433-4, 436, 
438 
genetic testing 436-7 
genetics of PCA 434-6 
patient assessment 430-2 
psychosocial counseling 437 
risk assessment 432-4 
African-American ancestry 433 
age 433 
diet and environmental factors 
432 
hereditary PCA 433-4, 435-6 
screening guidelines 437 
support groups/educational resources 
437-8 
genetics of PCA 434-6 
genistcin 417 
genital prolapse, female 4 
genomic action of steroid hormones 12 
geography and incidence 374, 407, 
409, 418 
see also race 
GH see growth hormone (GH) 
GH receptor (GH-R) 23 
Giemsa solution 9 
Gleason’s grade/score 5, 73, 77, 80, 
112 
cell-substrate attachment 125 
and imaging 177 
in improving data reporting 292 


loss of cell-cell adhesion 124 
and morphobiology of PCA 126 
prognostic value 128-9, 196 
glucose transport 15 
glutathione peroxidase 60 
glycolysis 14, 15 
glycoprotein expression 138 
GO cells 16 
gonadotropin levels 12 
gonadotropin receptors 24 
gonadotropinoma 25 
goserelin 280”, 316 
grading 196, 197, 345 
morphobiology of cancer progression 
125-6 
granulocytic sarcoma 194 
granulocytopenia 318 
growth factors 9, 11, 22, 57 
epidermal 136 
and gene therapy 320 
and growth factor receptors 140 
growth kinetics 135-7 
paracrine-mediated 87 
peaks 12 
polypeptide 136 
as prognostic/predictive markers 201 
growth hormone (GH) 22 
deficiency 24 
receptors 23-4 
growth kinetics in genesis and 
progression of PCA 135-7 
guinea pig prostate 84, 85 
gynecomastia 40, 376 


haloperidol 360, 363, 383 
halter monitor findings 39 
headache, opioid/post-dural puncture 
375 
Health Care Financing 
Administration BESS Data 
(1998) 37 
hematoma, peri-prostatic 164 
hematospermia 40, 153, 164 
hematuria 36, 153, 368-9 
after TRUS 164 
and carcinoma of bladder 35 
controlled by finasteride 40 
heme oxygenase enzyme (HO-1) 16-17 
hemorrhage 
during radical prostatectomy 5, 6 
repeated 369 
in thrombo-embolic disease 364 
hemostasis 5, 369 
pelvic (in radical prostatectomy) 235 
heparin 365, 389 
heredity 54, 78, 139, 192 
and gene counseling 433-4 
inheritance patterns 435-6 
see also family history 
herpes simplex virus thymidine 
kinase gene (HSV-tk) 320, 
332-3 
heterozygosity, loss of (LOH) 55, 
138-9 


HGPIN see prostatic intra-epithelial 
neoplasia, high-grade vs. 
low-grade 

HIFU see high-intensiy focused 
ultrasound 

high-intensity focused ultrasound 
(HIFU) 268-9 

complications 271, 272 
need for 273-5 
pathological aspects 272 
physical principles of treatment 269 
problem with dorsal aspect of 
prostate 271, 274 
results 270-3 
animal experiments 270 
human studics 270-3 
targeting issue 274 
techniques 269-70 

histology (correlation of physiology and 
cell kinetics) 119-21 

hK2 see human glandular kallikrein-2 
(hK2) gene 

HO-1 see heme oxygenase enzyme 
(HO-1} 

Hodgkin's disease 194 

homeostasis of blood flow rate 11, 16 

Hong Kong 53 

hormonal therapy 301 

androgens of adrenal origin 302-3 
clinical trials 442-3, 446-7 
combined androgen blockade 249, 
303-5, 307, 315-16 
intermittent 311 
long-term 306-7, 308-11 
side-effects 309 
early diagnosis and treatment 305-6 
early hormonal treatment 306-7 
intermittent 311, 448 
LHRH agonists 302, 304 
model 93-4 
neoadjuvant hormonal treatment and 
radiotherapy 249-50 
with orchiectomy 301-2 
secondary hormonal manipulation 
448-9 
surgery and radiothcrapy 309-11 
testicular androgens 301-2 
watchful waiting 307-8 
see also androgens; hormonc- 
resistant PCA management; 
hormones 

hormone action 11-12 

hormone receptors as markers 199 

hormone replacement therapy (HRT) 
425 

hormonc-naive PCA 315-16 

hormone-refractory diseasc 128, 222, 
316, 448-50 

hormone-resistant PCA management 
315 

advanced disease 315 
chemotherapy 318-19 

dietary fat and vitamins 319-20 
estramustine 317-18 

gene therapy 320-1 
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hormonc-naive disease 315-16 
hormone-refractory PCA 128, 222, 
316, 448-50 
ketoconazole 317 
radiation therapy 319 
second-line hormonal therapy 
316-17 
small-cell carcinoma 319 
vaccine therapy 320-1 
hormone-sensitive metastatic disease 
447-8 
hormones 
androgens 12 
blood-borne sex steroids 12 
early hormonal treatment 305-7 
estrogens 12-13 
estrogens and the prostate 416-17 
factors governing availability to enter 


cells 12 
genomic action of steroid 12 
growth 22 


hormonal control 17 
hydrophobic/non-classical 
hydrophobic 12 
peptide 
phyto-estrogens 417-19 
pituitary 22-4, 23 (fig.) 
prolactin 13 
in and on the prostate 12-13 
steroid hormones and growth- 
regulatory factors 414-16 
see also hormonal action; hormonal 
therapy; hormone-resistant 
PCA; individual hormones 
eg. androgens 
HRQOL see quality of life, health- 
related (HRQOL) 
HSVtk see herpes simplex virus 
thymidine kinase 
Huggins, Professor Charles 301-2 
human glandular kallikrein-2 (hK2) 
gene 77, 160 
hydrocodone 382 
hydrocortisone 317, 449 
hydromorphone 382 
hydrophilic amino acid derivatives 11 
hydrophilic hormone 11 
17B-hydroxysteroid dehydrogenase 12, 
60 
hyopogastric vein see internal iliac 
(hypogastric) vein 
hyoscine 363, 371 
hyperalgesia 375 
hypercalcemia 361, 362 
hyperplasia see prostatic hyperplasia; 
stromal hyperplasia 
hyperplasia (large/small acinar h; 
atypical h: atypical primary h.; 
h. with malignant change) see 
adenosis; prostatic intra- 
cpithelial neoplasia (PIN) 
hyperprolectinemia 22, 25 
hypertension 39 
see also blood pressure 
hypogastric artery 5 
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hypogastric nerves 6 
hypogonadism 56 
hyponatremia 388 
hypophysectomy 22 
hypophysis see pituitary gland 
hypothalamic tripeptide TRH 13 
hypoxia 
and capillary blood 16 
and glucose uptake 15 
and metabolic control 15 
heme oxygenase 16-17 
nitric oxide 16 
VEGF 15-16 
hypoxia-inducible factor-1 (heme 
oxygenase-1) 15, 17 


ICE see interkleukin-18 converting 
enzyme (ICE) 
ICR/RMNHST see Institute of Cancer 
Research and Royal Marsden 
NHS Trust 
idiopathic pain 381-2 
IDSPC see intraductal spread of 
prostatic carcinoma 
(IDSPC) 
IGF-1 see insulin-like growth factor-1 
(IGF-1) 
IGFBP see insulin-like growth 
factor-binding protcin 
(IGFBP) 
IL-12 see interleukin-12 
ILC see interstitial laser coagulation 
ileostomy 363 
imaging 175-6 
computerized tomography (CT) 186 
magnetic resonance imaging (MRI) 
183-6 
enhanced 183-4 
imaging of lymph nodes 184 
spectroscopy 184-5 
medical imaging modalities 177, 
187-8 
new techniques 162 
nuclear 186-7 
PCA prevalence and incidence 176-7 
pre-operative 5 
radionuclide bone scan 177, 186-7 
second harmonic imaging with 
contrast 215 
ultrasound 177-82, 187 
advanced transrectal 179-80 
biopsies 179 
Doppler 162, 180-2, 201, 215 
see also positron emission 
tomography; ultrasound 
immune system 335 
Immuno 1 cPSA assay 77 
immunomodulatory gene therapy 
335-7 
immunoreacticity 138 
immunotherapy 96 
impotence 
and finasteride 40 
and sildenafil (Viagra) 400 
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incidence 53, 192, 229, 243, 410 
elderly people 343 
geographical differences 409-10 
and HIFU 268 
and hormonal therapy 301, 315 
pain and symptom management 374 
prostatic intra-epithelial neoplasia 
107-8 
and role for imaging 176-7 
and screening 80 
and therapeutic decision-making 289 
incontinence see urinary problems, 
incontinence 
indomethacin 18 
inferior hypogastric (pelvic) plexus 6 
inferior vesical artery 4 
inferior vesical veins 5 
inflammation 
and bacteria 30-1 
dorsolateral lobes of gland 22 
see also acute bacterial prostatitis; 
chronic bacterial prostatitis 
infraelevator urogenital diaphragm 6 
inguinal ligament 5 
inheritance patterns of hereditary PCA 
see heredity 
inositol triphosphate (IP3) 18 
Institute of Cancer Research 247 
insulin 16 
insulin-like growth factor (IGF) 11, 16, 
18, 23, 57, 136, 414-16 
insulin-like growth factor-binding 
protein (IGFBP) 57 
intercostal nerve blocks 389 
interferon 321 
interleukin-18 converting enzyme 
(ICE) 96 
interleukin-10 16 
interlcukin-12 (IL-12) 96 
intermediate cells (amplifying cells) 
120 
intermittent cndocrine therapy and PSA 
222 
internal iliac (hypogastic) vein 5 
internal iliac lymph nodes 5 
International Prostate Screening Trials 
Evaluation Group 445 
International Prostate Symptom Score 
(IPSS) 35 
interstitial laser coagulation (ILC) 
42-3° 
intra-epithelial neoplasia see prostatic 
intra-epithelial neoplasia (PIN) 
intracrinology 303 
intraductal dysplasia see prostatic intra- 
epithelial neoplasia (PIN) 
intraductal spread of prostatic 
carcinoma (IDSPC) 108-9 
intraprostatic ductal reflux 29 
intravenous pyelography 36 
intrinsic factors in prostate growth 
414, 420-2 
investigation of PCA see clinica] 
presentation and investigation 
involution, prostate 40 
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ions 16 

IP3 see inositol triphosphate (IP3) 

IPSS see International Prostate 
Symptom Score (IPSS) 

iron 64 

irradiation see radiation therapy; 
radiotherapy 

ischemia 15, 16, 377 

ischial spines 4 

isocitric acid 14 

isoflavonoids in dict 60, 411-12 


keratinocyte growth factor (KGF) 57, 
91, 414 

ketoconazole 317, 449 

KGF see keratinocyte growth factor 
(KGF) 

Klebsiella 28 

Krebs cycle 14 


LACP-4 cancer cell line 88 (table) 

lactate concentration 15 

lactic dehydrogenase 17 

Lactobacilli sp. 29 

lanreotide (somatostatin analog) 24 

laparoscopic pelvic lymphadenectomy 
5 


laparotomy, with modified template 
nodal dissection 5 
large-duct carcinoma 193 
L-arginine 16 
lasers in device therapics 42-3 
Laval University Prostate Cancer 
Detection Program (LUPCDP) 
305 
laxatives, prophylactic/lactulose 360, 
362, 386 
lead-time bias in testing 72 
leiomyosarcoma 194 
length-time bias in testing 72, 80 
leucine 57 
leukocyte interleukin 321 
leuprolide acetate 280”, 285, 316, 376 
levator ani 4 
Levovist sonographic contrast agent 
215 
LH see luteinizing hormone (LH) 
LH/CG-R 24 
LHRH agonists see luteinizing- 
hormone-releasing hormone 
(LHRH) 
libido 40 
life expectancy 44~5, 53, 54, 409-10 
annual PSA test and DRE 168 
discounting future years of life 459 
and screening 78, 79-80, 81 
see also mortality rates; quality of 
life, health-related 
life-style 62 
ligaments 4 
see also Cooper’s/puboprostatic/ 
sacrospinous/inguinal 
ligaments 


ligand-dependent transactivation 
factors 56 
lignans in diet 411-12 
lipid biosynthesis 14 
liposomes, cationic 325-6 
LMWH see low molecular weight 
heparin (LMWH) 
lobes of prostate 3 
see also zones of prostate 
LOH see loss of heterozygosity (LOH) 
low molecular weight heparin (LMWH) 
389 
low-level radiofrequency energy 44 
lower urinary tract infection see cystitis 
lower urinary tract symptoms (LUTS) 
and BPH 35-6 
device therapics 42-4 
lasers 42-3 
TUMT 43-4 
TUNA 44 
not surrogate for BPH 37 
pathophysiology 36-7 
PLESS study 41 
therapeutic options 37—42 
5a-reductase inhibitors 39-40 
alpha-blocking agents 38—42 
finasteride 40-2 
phytotherapeutic agents 39 
surgery 44-5 
lupron 304 
luteinizing hormone (I.H) 11, 22, 278, 
399 


and testicular steroidogenesis 24 
luteinizing-hormone-releasing hormone 
(LHRH) 278, 302 
LUTS see lower urinary tract symptoms 
lycopene 60 
see also carotene 
lymph node decision analysis 
monograms 5 
lymph node involvement 5, 154, 184, 
186, 231 
clinical trials 446-7 
high-risk patients 185 
and significant tumor progression 
196 
lymphadenectomy, pelvic 5, 7 
lymphatic drainage 5 
lymphedema 364, 378 
lymphoepithelioma-like carcinoma 
194 
lymphoma, primary malignant 194 


mAAT see mitochondrial aspartate 
amino-transferase (mAAT) 
McNeal, J.E. 117-18 
§2-macroglobulin 76 
macrophages 15 
Magnetic resonance imaging (MRI) 
183-5 
enhanced 183-4 
lymph nodes 184 
spectroscopy 184-5 
threshold PSA levels 220 


malignancy see cancer; carcinoma 
malignant fibrous histiocytoma 194 
management (medical), LUTS 38 
manipulation, prostate 32 
MAPK see mitogen-activated protein 
kinase (MAPK) 
markers 
need for biological 135 
prognostic and predictive 158, 159, 
160, 192 
Massachusetts Gencral Hospital (USA) 
250 
massage, prostatic 211 
maternal transmission of susceptibility 
gene 54 
Mayo Clinic (USA) 
and isotope bone scanning 219-20 
post-operative radiotherapy 250 
MDA PCa 2a/2b cell lines 87, 88 
(table) 
meat in diet 57 
Medicare program see United States 
Medicare program 
medication see individual drugs; 
treatment 
Mcdline (Internet site) 175-6, 290 
megace 317 
megestrol acetate 449 
melanoma, malignant 194 
Memorial Sloan Kettering Cancer 
Center 248, 246 (table) 
279-80 
mesenchymal tumors of prostate 194 
mesenchyme 3 
mesonephric duct 3 
meta-analysis of clinical trials 441-4 
hormone-refractory disease 
448-50 
hormone-sensitive metastatic discase 
447-8 
localized disease 445-7 
screening 444-5 
metabolism 
and decreased blood flow to prostate 
13 
and hypoxia 15 
metabolite spectra in MRI 185 
metalloprotcinases 16, 125 
metallothionine-T GF-a (transforming 
growth factor) 91 
metastases 
bone 9, 154, 188, 366-7 
advanced disease 315, 316 
and androgen blockade treatment 
308-9, 316 
models 90 
pain management 377 
cerebral 367-8 
clinical trials 443, 447-8 
hormonc-sensitive metastatic disease 
447-8 
liver 377, 381 
lymph node 154, 184, 186, 445 
as prognostic marker 195-6 
PSA in follow-up 222-3 
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PSA and staging of prostate cancer 
219-20 
quality-of-life studies 355 
randomized clinical trial 307 
soft-tissue and androgen ablation 
278-9, 316 
methadone 382, 383-4 
methylphenidate 387 
metoclopramide 360, 386 
metronidazole 214 
microanatomy (sonographic 
correlation) 117-18, 183, 185 
McNeal model 117-18 
microbiology, in abacterial 
prostaticis/chronic pelvic pain 
syndrome 29 (fig.) 
micronutricnt intake 60 
microvascular invasion in cancer 
progression 127, 129 
microvessel density (MVD) 140, 
180-1, 200-1 
microwave thermal therapy 43-4 
migration and risk 409 
Mini-Mental State Examination 
(MMSE) 379, 380 (fig.) 387 
minilaparatomy 5 
mitochondria, prostatic 14 
mitochondrial aspartate amino- 
transferase (mAAT) 13, 23 
mitogen-activated protein kinase 
(MAPK) 23, 24 
mitoxantrone 318, 449 
MMSE see Mini-Mental State 
Examination (MMSE) 
MMTV-int-2/Fgf-3 see fibroblast 
growth factor member 
MMTV-kef see keratinocyte growth 
factor 
MMTV-WAP see whey acidic protein 
models for study 84 
bone metastases 90 
canine prostate 85-6 
citotoxic-reduction gene therapy 
95-6 
corrective gene therapy 94-5 
human prostate 84 
cancer cell tines 87-9 
immortalized cell lines 89 
lines derived from human 
tumors 87-9 
primary cultures 89 
immunotherapy 96 
normal human prostate clements 
84-6 
normal rodent prostates 84-5 
primate prostates 86 
prostate cancer in rodents 86-7 
induced 86-7 
spontancous 86 
transgenic and reconstitution models 
91-3 
uses of pre-clinical models 93-4 
hormone therapy 93-4 
novel therapies 94 
xenografts 89-90 
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molecular basis of prostatic intra- 
epithelial neoplasia 209-10 
monkey prostate 86 
morbidity 
in elderly men 79 
post-cryo-ablation of prostate 
262-4, 263 (table) 
pre-morbid functioning 397, 399 
subjective 355 
morphine 359-60, 382 
morphobiology 117 
BPH samples 129 
of cancer progression 125-8 
androgen independence 127-8 
apoptosis control 127 
genes controlling metastatic 
phenotype 127 
grading 125-6 
metastatic capacity 125 
molelcular cell-cycle control 
126-7 
proliferation activity 127 
refinement of local extension 
evaluation 127 
staging (local) of extension 127 
cell kinetics and physiology 119-21 
cells of prostate 119-21 
clinical practice, approach to needle 
core biopsy 128-9 
diagnostic basis of PCA 121-2 
histology (correlation of physiology 
and cell kinetics) 119-21 
McNcal model of prostate 117-18 
microanatomy (sonographic 
correlation) 117-18 
microvascular invasion 127 
pre-malignant lesions 122-4 
atypical adenomatous 
hyperplasia~-AAH123 
intra-epithelial neoplasia—PIN 
1234 
radical prostatectomy 129-31 
stromal invasion 124-5 
angiogenesis 125 
cell-substrate attachment 125 
loss of cell-cell adhesion 124 
loss of cell-stromal adhesion 125 
overcoming basal membrane 
barrier 125 
morphology 3-4 
morphologic predictors of PCA 
196-8 
see also morphobiology 
morphometrics 200 
mortality rates 53, 60-1, 72, 77 
and demography 81 
elderly men 79 
and fat consumption 57 
and PSA screening 229-30 
and quality of life assessment 353 
recent decline 80 
thrombo-embolic disease and 
hemorrhage 364-5 
see also geography and incidence; life 
expectancy; race 
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mouse prostate characteristics 84, 85 
MRI see magnetic resonance imaging; 
ultrasound 
mucin genes 141 
mucinous carcinoma 193 
multiple-device therapies for LUTS and 
BPH 38 
muscarinic activity 18 
muscle, smooth 4, 18 
muscle tone 
pharmacology 17-18 
and phenoxybenzamine 38 
pre-prostatic sphincter 5 
mutant tumor-supressor genes 320 
MVD see microvessel density (MVD) 
myoclonus 360, 375, 388 
myxosarcoma 194 


N-telopeptide 77 
nalbuphine 382 
naloxone 360 
National Cancer Data Base (NCDB) 
289 
National Cancer Institute 54 
National Cancer Institute of Canada 
(NCIC) 446 
National Cancer Institute (NCI) 442 
National Institutes of Health (NIH), 
classification of categories of 
prostatitis syndromes 29 (fig.) 
National Library of Medicine 175 
natural history of PCA early stages 
422-3 
nausea and vomiting 360-2, 363, 
381 
needle core biopsy 35, 128 
approaches to 128-9 
Gleason’s grading 196 
and PSA levels 155 
neoadjuvant androgen deprivation and 
radiotherapy 247-8, 249-50 
neoadjuvant hormonal therapy prior to 
radical prostatectomy 277 
clinical studies with long-term 
therapy 281-6 
changes in scrum PSA 282-3 
pathological changes 283 
post-operative PSA recurrence rate 
283-6 
clinical studies with short-term 
therapy 279-81 
non-randomized 279-80 
randomized 280-1 
clinical trials 446 
potential pitfalls 286-7 
artifactual pathological 
understaging 286 
recurrence rates 286-7 
surgery after NHT 286 
tumor progression 286 
rationale 278-9 
animal-model studies 279 
availability of PSA as marker of 
tumor regression 279 
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high positive margin rates 
following radical 
prostatectomy 278 
reversible androgen-suppression 
therapy 278 
sensitivity of soft tissue disease to 
androgen withdrawal 
278-9 
survival curves 284-5 (fig.) 
neoplasia and carcinoma 53 
neoplasms, epithelial 193-4 
neoplastic luminal prostatic epithelial 
cells 91 
neovascularity 200-1 
nephrostomy 370 
nerve-sparing surgical technique 6, 
231-6 
neural anatomy 5-6 
see also individually named nerves 
neuroendocrine cells 11, 120-1, 128, 
129, 136 
in small-cell carcinoma 319 
neuroleptics 384 (table) 
neuronal nicotinic receptors and 
atropine 17 
neuropathic pain 381 
neuropathophysiology of pain 380-1 
neuropsychiatric disturbances 386-8 
neurovascular bundle (NVB) 5, 6 
excision of ipsilateral NVB 232 
NHT see neoadjuvant hormonal 
therapy 
nifedipine 18 
nilutamide 303, 304, 316, 317, 447 
nitric oxide 13, 16 
nitric oxide synthase (NOS) 16 
NO see nitric oxide 
nociceptive pain see somatic pain 
nocturia 153 
non-stcroidal anti-androgens (NSAAs) 
in clinical trials 448 
non-steroidal anti-inflammatory drugs 
(NSAIDs) 359, 366, 385 
(table) 
noradrenaline 18 
normal tissue complication probability 
(NTCP) 246 
NOS see nitric oxide synthase (NOS) 
NSAIDs see non-steroidal anti- 
inflammatory drugs (NSAIDs) 
NTC? see normal tissue complication 
probability (NTCP) 
nuclear imaging 186-7 
nuclear matrix proteins 201 
nuclear power plant occupational risk 


NVB see neurovascular bundle 


obesity/body mass index 62, 231 
observation see watchful waiting 
obstructive nephropathy 370-1 
obturator lymph nodes 5 

occlusion of vas deferens 61-2 
occupational risk factors 63-4, 192 


octreotide 364 

ofloxacin 32,214 

oncogenes 142, 202, 334-5 

oncology, anatomical considerations 

opioid therapy 359-60, 378 (table) 
3824 

orchiectomy 160, 301, 316, 375, 
399 

organ-confined cancer 75 

osteoclast inhibitors 385 (table) 

osteonecrosis 377-8 

osteosarcoma 194 

osteotomy 378 

ouabain 18 

over-diagnosis 80 

oxaloacetate 14 

oxidation of citrate 14 

oxidative phosphorylation 15 

oxycodone 382 

oxygenation and prostatic blood flow 
15 


p21 protein in gene therapy 321 
p53 gene 55, 89, 139, 203, 331 
paclitaxel 318, 449 
PAI-1 see plasminogen activator 
inhibitor (PAI-1) 
pain 
acute 
associated with chemotherapeutic 
agents 376 
associated with chemotherapy 
toxicity 376 
associated with interventional 
procedures 375 
associated with treatment/symptom 
management 375-6 
ctiology 375-6 
acute herpetic neuralgia 376 
addiction vs. tolerance 389-90 
adjuvant analgesics 384-5 
analgesic ladder (WHO) 359-60, 
382 
anticoagulation 380 
assessment and treatment 379-80 
asthenia 388 
avascular necrosis of femoral or 
humoral head 377-8 
bone metastasis 154, 316, 319, 
366-7, 377 
chronic 
associated with treatment 377-8 
pelvic pain syndrome (CPPS) 
29-30 
possible definition 376 
post-surgical abdominal pain, 
non-specific 378 
and with surgical approach to 
metastatic disease 378 
chronic syndromes 376-8 
cognitive impairment 386-7 
colic 377 
constipation 385-6 


control in radical prostatectomy 
236 
delirium 386-7 
depression 387 
etiology of acute pain 375-6 
and extravasation 376 
genito-urinary and perineal 28, 
29-30 
gynecomastia associated with 
hormonal treatment 378 
interventional pain-management 
techniques 388-9 
intravenous infusion pain 375-6 
and lymphedema 378 
malignant epidural spinal cord 
compression 377 
management 374 
mechanical 377 
miscellaneous blocks 389 
musculoskeletal 377 
myoclonus 388 
nausea and vomiting 386 
neuraxial anesthesia 388-9 
neuropathic pain in pelvic 
malignancy 368 
neuropsychiatric disturbances 387-8 
opioid headache 375 
palliative care 358-60 
pathophysiology 380-2 
post-chemotherapy induced painful 
gynecomastia 376 
post-chemotherapy neuropathies 
377 
post-dural puncture headache 375 
and quality of life 397-8 
in radicular distribution 154 
secondary to capsular stretching 377 
secondary to tumor mass 377 
sedation 387 
spinal opioid hyperalgesia syndrome 
375 


steroid-induced perineal discomfort 
376 
steroid-induced pseudorheumatism 
376 
suffering 390 
symptoms in advanced disease 374 
treatment of symptom 382-4 
cautions about methadone use 
383-4 
narcotic analgesics 382 
opioid therapy 382-4, 378 (table) 
routes of administration 382 
see also individual drugs; palliative 
care 
palliative care 319, 358 
general symptoms 358-68 
anorexia 362 
bone metastases 319, 366-7 
bowel obstruction 363-4 
cancer-related thrombo-embolic 
discase 364-5 
cerebral metastases 367-8 
constipation 362-3 
dyspnea 365-6, 363 (table) 
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edema 364 
nausea and vomiting 360-2 
pain 358-60 
weight loss 362 
management of dying patient 371 
specific urological symptoms 368-71 
fistulae 369-70 
hematuria 368-9 
neuropathic pain syndromes in 
pelvic malignancy 368 
obstructive nephropathy 370-1 
recurrent urinary tract infections 
369 
urinary incontinence 370 
WHO analgesic ladder 359-60 
see also individual drugs; pain 
PAP see prostatic acid phosphatase 
(PAP) 
papaverine 400 
papers on prostate cancer 175-6 
papillary adenocarcinoma 194 
paracetamol 359 
paracrine action and blood flow 13 
paracrine control mechanisms 22 
paracrine secretion 11 
parathyroid hormone-relaed peptide 
137 
Pas see plasminogen activators (Pas) 
pathological T3 disease and 
radiotherapy 250-1 


` pathology of adenosis 111 


pathology of PCA 
changes after ncoadjuvant hormonal 
therapy 283 
changes after NHT 283 
diagnosis 195 
epithelial neoplasms 193-4 
general 193-5 
gross features 193 
malignant tumors 193 
microscopic features 193 
non-epithelial neoplasms 194 
prostatic intra-cpithclial neoplasia 
194-5 
pathology of PSA, understaging after 
NHT 286 
pathophysiology 
lower urinary tract symptoms 36-7 
of pain 380-2 
PCA see prostate cancer (PCA) 
PCNA see proliferating cell nuclear 
antigen (PCNA) 
PCP see primary care physician (PCP) 
PCR see preliminary chain reaction 
(PCR) 
PDGF see platelet-derived growth 
factor (PDGF) 
pelvic fascia 4, 234-5 
pelvic lymphadenectomy $ 
pelvic plexi 5 
pemoline 387 
pentazocine 382 
Pepsinogens 15 
peptide, vasoconstrictive 16 
peptide cytokines 11 
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peri-neural invasion 129, 195 
perineal prostatectomy see radical 
perineal prostatectomy 
peripheral aromatization 12 
peripheral zone of prostate 118 
peritoneum 4 
PET see positron emission tomography 
(PET) 
pharmacology and contractile activity 
17 
phenazocine 360 
phenoxybenzamine 17-18, 38 
phosphatidylinositol-bis-phosphate 18 
phospholipase C 18 
phosphorylation cascade see signaling 
pathways 
phosphorylations 11 
physiology 
and cell kinetics 119-21 
of prostate-specific antigen (PSA) 
209-10 
phyto-estrogens 
biological effects and prevention 
417-19 
in diet 60, 411-13, 418, 425 
phytotherapeutic agents 39 
pilocarpine 17 
piloerection 375 
PIN see prostatic intra-epithelial 
neoplasia (PIN) 
pituitary gland 13, 22-4 
plasma membrane, prostate 13 
plasminogen 15 
plasminogen activator inhibitor (PAI-1) 
16 
plasminogen activator (Pas) 15 
platelet-derived growth factor (PDGF) 
16 
pleural effusions, malignant 365-6 
ploidy 139 
pneumothorax 389 
point mutations 56 
polypeptide proteins 11 
populations 
at risk 77-8 
and CAG repeat numbers 56 
general screening practices 78-9 
and incidence 53 
see also geography and incidence; 
incidence; race 
positive predictive value (PPV) of 
testing 72, 162, 163 
PSA and screening 73 
and race 77 
positive surgical margins 77 
positron emission tomography (PET) 
187 
posterior prostatic capsule 6 
potency see erectile function 
PPV see positive predictive value (PPV) 
of testing 
prazosin 18 
pre-clinical models see models for study 
pre-malignant lesions 122-4 
prednisone 318 
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preliminary chain reaction (PCR) 
method of evaluation 30 
prevention 407-8 
complexity of inter- and intracellular 
signaling pathways 419-20 
dietary factors 408-9, 411-13, 
417-19, 423-4 
angiogenesis and PCA progression 
418-19 
etiology and dict 410-11 
phyto-estrogens 411-13, 417-19 
way forward 424-5 
early stages in natural history 422-3 
estrogenic activity 417 
estrogens and the prostate 416-17 
geographical differences in incidence 
409-10 
growth-regulatory factors 414-16 
inhibition of steroid-metabolizing 
enzymes 417-18 
inhibition of tyrosinc-specific protein 
kinases 418 
inter-relationship between intrinsic 
factors 420-2 
steroid hormones 414-16 
priapism 154, 375 
primary care physician (PCP) 78, 155 
primate prostates 85, 86 
Prl see prolactin 
probasin 23, 91 
progestogens 362 
prognosis 
factors in therapeutic decision- 
making 220, 290-1, 
199(table) 
and free PSA 77 
necdle core biopsy 128-9 
see also prognostic and predictive 
markers in PCA 
prognostic and predictive markers in 
PCA 192 
ancillary and molecular prognostic 
factors 199-204 
apoptosis and bcl-2 gene 203-4 
cell-adhesion molecules 201-2 
cell-proliferation markers 
199-200 
DNA ploidy determination 200 
dominant oncogenes 202 
growth factors 201 
HER-2/neu gene 202-3 
hormone receptors 199 
morphometrics 200 
nuclear matrix proteins 201 
p53 gene 203 
tumor proteases 202 
tumor suppressors 203 
tumor vascularity and microvessel 
density 200-1 
diagnosis 195 
gencral pathology 193-5 
epithelial neoplasms 193-4 
gross features 193 
malignant tumors 193 
microscopic features 193 
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non-epithelial neoplasms 194 
prostatic intra-epithelial neoplasia 
(PIN) 194-5 
morphologic predictors 196-8 
comparison of specimen source for 
diagnosis and grading 
196 
grading 196, 197 (table) 
staging 197-8, 198 (table) 
tumor volume 196-7 
prognostic equation of recurrences 
131 
PSA 
in follow-up 220-3 
predicting outcome of treatment 
230 
spread and metastasis 195-6 
staging in radical prostatectomy 
specimens 130 
see also prognosis 
progression of cancer 79 
clinical patterns 192 
morphobiology 125-8 
prolactin (Prl) 13, 22-3 
proliferating cell nuclear antigen 
(PCNA) 138 
proliferation activity of malignant cells 
123, 127 
prophylactic therapy 32 
Proscar Long-Term Efficacy and Safety 
Study (PLESS) 41 
prostaglandin 16 
ProstAsure Index for PSA 159 
prostate, normal microbiology 31 
prostate adenoma and TURP 45 
Prostate Cancer Intervention vs. 
Observation Trial (PIVOT) 
442, 446 
prostate cancer (PCA) 9, 30-1, 35 
cellular origin 121 
early stages in natural history 422-3 
evolution 308 (fig.) 
general pathology 193-5 
papers on 175-6 
pathogenesis 330-2 
spread 4, 195-6 
see also clinical presentation and 
investigation; prognostic 
and predictive markers; 
prostatic carcinoma; 
prostatic intra-epithelial 
neoplasia 
Prostate Cancer Prevention Trial 
(PCPT) 441 
Prostate Cancer Treatment Outcome 
Questionnaire 397-8 
prostate elements, normal 84-6 
Prostate, Lung, Colorectal Ovarian 
cancer (PLCO) study 442 
prostate-specific antigen (PSA) 5, 15, 
155,175 
age-specific PSA 75-6, 156-7, 168, 
216-17 
assay techniques 210 
biological features 209-10 


changes after neoadjuvant hormonal 
therapy 282 
in clinical investigation 155~9, 
166-8 
clinical use of PSA changes 209 
density (PSAD) 75, 156, 215-16 
transitional zone (PSAD-TZ) 159, 
216 
in diagnosis 209, 215-19 
distribution in 45-80-year-old men 
306 (fig.) 
diurnal variation 211 
doubling time (PSADT) 220 
DRE effect 211 
ejaculation 211 
in elderly patients 344 
and external-beam radiotherapy 
244-5 
in follow-up 220-3 
hormone refractory prostate cancer 
220, 222-3 
intermittent endocrine therapy 
222 
radical prostatectomy 221 
radical radiotherapy 221-2 
and IGF function 57 
Immuno 1 cPSA assay 77 
limitations 155 
in LN-3 cells 87 
as marker of tumor regression 279 
measurements in diagnosis 211 
new derivatives 159-60 
complexed PSA 159 
ProstAsure Index 159-60 
PSA-TZ density 159 
in optimal patient for therapy 230 
percentage of free PSA 75, 76-7, 78, 
157-8, 218-19 
physiological features 210 
post-cryo-ablation results 261 
post-operative recurrence rate 283-6 
PSA levels 5, 30-1, 32, 35 
al-adrenoreceptor blockers 212 
and cardiac catheterization 213 
and dialysis 213 
diurnal variation 211 
DRE effect 211 
and exercise 213 
factors influencing 155, 211-13 
with finasteride 40-1, 155, 212 
picogram measurement 210 
prostatic massage effect 211 
and prostatitis 211-12 
and retention of urine 212 
and sample handling 211 
and screening 73 
and testosterone 212 
and urological procedures 212 
see also volume of prostate 
reference standard 210 
reflex-range 158-9 
and repeat biopsy 166-7 
screening 53, 73-5 
sensitivity/specificity 74-5, 76, 156, 
159 


and staging of PCA 219-20 
studies published since 1991 158 
transrectal ultrasound-guided 
prostate biopsy 213-15 
velocity (rate of change over time) 
76, 78, 157, 217-18 
prostate-specific membrane antigen 
(PSMA) 77, 87, 219, 320-1 
prostatectomy 
indications for open 45 
life expectancy 44 
minimizing blood loss 5 
perineal 6 
post-operative results 44-5 
see also coagulation (frec beam) laser 
prostatectomy (VLAP); 
radical prostatectomy; 
transurcthral resection of 
prostate (TURP) 
prostatcin 23 
prostatic acid phosphatase (PAP) 11, 
15, 160, 175, 209 
prostatic cancer see prostate cancer 
(PCA) 
prostatic carcinoma 
intraductal spread 108-9 
see also prostate cancer; prostatic 
intra-cpithclial neoplasia 
prostatic hyperplasia 75 
prostatic intra-epithelial neoplasia 
(PIN) 53, 55, 104-10, 113 
and atypical adenomatous 
hyperplasia 137-8 
basic research 109-10 
implication 110 
molecular basis 109-10 
chemoprevention 110 
clinical management 110 
diagnosis 106-7, 123 
differential diagnosis 107 
high-grade vs. low-grade 123-4, 
195 
biology 137 
incidence 107-8 
morphology 123-4, 195 
natural history 110 
nuclear abnormality 137-8 
pathology 104-6, 136, 194-5 
architectural and cytologic features 
104 
high-grade vs low-grade PIN 
105-6 


histologic patterns 106 
presence of basal cells 104-5 
as prognostic marker 166, 
194-5 
Progression to adenocarcinoma 108 
and prostate cancer 108-9 
distinction from intraductal spread 
of prostatic carcinoma 
108-9 
evidence linking PIN to cancer 
109, 137-8 
extension and early invasion 108 
and repeat biopsy 166 
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see also prostate cancer; prostatic 
carcinoma 
Prostatic massage effect 211 
prostatic relations 4 
prostatic transitional cell carcinoma 
194 
prostatitis 28-30 
and PSA levels 211-12 
prostato-urcthral junction 6 
prostatodynia 29 
Prostatron {EDAP Technomed) 43-4 
PROSTVAC (vaccinia-PSA) 321 
protease 15 
protease inhibitors and PSA 76-7 
protein kinase 11 
tyrosine-specific 418 
protcin (protease inhibitors) and PSA 
76-7 
protein synthesis 23 
Proteus 28 
proto-oncogenes 55 
PSA see prostate-specific antigen 
(PSA) 
PSAD see prostate-specific antigen 
(PSA), density (PSAD} 
pseudohermaphroditism 39 
Pseudonomas aeruginosa 28 
pseudorheumatism, steroid-induced 
376 
PSMA see prostate-specific membrane 
antigen (PSMA) 
psychological problems 396-401 
anxiety and depression in survivors 


pain issues 397 
quality of life 397-8 
rehabilitation 398 
relatives’ roles 398 
symptomatology of sexual problems 
398-401, 399 
therapy for sexual difficulties 400-1 
treatment 397-8 
psychosocial counseling 437 
PTEN/MMACI gene 55 
puberty 3, 12 
pubic arch 5 
public awareness of PCA 78 
puboprostatic ligaments 4, 6, 233 
pulse rate 39 


Q-max in voiding 36, 38, 42 
after transurcthral 
electrovaporization of 
prostate 45 
after TUNA 44 
quality of life 44, 316, 379, 382, 
458-9 
health-related (HRQOL) 44, 316 
instruments 353-6, 398 
research 354 
and pain management 376, 
397-8 
psychological/sexual problems 
355-6, 397-8 
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rehabilitation 377 
self-administered questionnaires 
355-6 
see also life expectancy 
quinalone 214 


race 
African-American ancestry 53, 54, 
56, 433 
and age-specific PSA 75 
Asian 53, 60 
Chinese 53 
European 53 
incidence and mortality 53, 54, 57, 
60, 192, 374, 409 
Japanese 54, 55, 56, 57, 60 
and risk 77 
see also geography and incidence 
radiation therapy 319 
elderly patients 347 
whole-brain irradiation 361, 387 
see also radiotherapy 
Radiation Therapy Oncology Group 
(RTOG) 247, 249, 367-8 
radical perineal prostatectomy 6, 231 
surgical technique 236-41 
radical prostatectomy 4, 32 
choice of procedure 231, 292-4 
clinical trials 445 
cost 455 (table) 
efficacy of early diagnosis and 
treatment 229-30 
gland size as factor 231 
ideal candidates 293 
indications for alternatives 268, 273 
in management of localized PCA 229 
morphobiology 129-31 
nerve-sparing retropubic see radical 
retropubic prostatectomy 
and oncology 6 
optimal patient for therapy 230-1 
patient habitus 231 
and pelvic lymphadencctomy 5 
problem of randomization 293, 
306-7 
PSA in follow-up 221 
risk of positive nodes 231 
side-effects and quality of life 354-5, 
397-8 
see also radical perineal 
prostatectomy; radical 
retropubic prostatectomy 
radical retropubic prostatectomy 6 
after HIFU 271 
in elderly patients 346 
patient preparation 232-3 
patient selection 231-2 
post-operative management 236, 
399 
surgical procedure 233-6 
prostate apex and urethra exposure 
233 
apical dissection 234 
sparing cavernosal nerves 234-5 
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radical retropubic prostatectomy 
(contd) 
sparing bladder neck 235 
pelvic hemostasis 235 
anastomosis 235-6 
radioactive seed implantation 32 
radiography, autoradiography and 
prazosin 18 
radioisotope skeletal scintigraphy 219, 
220-1 
radioisotope treatment in palliative care 
367 
radioligand-binding 18 
radiological investigation see 
computerized tomography 
(CT); magnetic resonance 
imaging (MRI); radio-isotope 
skeletal scintigraphy 
radionuclide bone scan 177, 319 
see also imaging 
radiopharmaceuticals 186-7, 385 
(table) 
radiotherapy 5 
external-beam 243 
and androgen deprivation 247-8, 
250, 252 
clinical trials 243-4, 249-50, 252, 
445-6, 450 
conformal radiotherapy 186, 246, 
247 
dose-escalation studies 247, 252 
importance of local tumor control 
245, 252 
and neoadjuvant hormonal 
treatment 249-50 
and PSA 244-5 
quality of life 397 
radiation-induced complications 
245-6 
reduction of prostate and radiation 
volumes 248-9 
results 243-4 
methods to improve results 
246-7 
role in pathological T3 disease 
250-1 
side-effects 246, 399 
therapeutic decision-making 
294-5 
hemibody 366 
palliative 366-7 
PSA in follow-up 221-2 
radical 221-2 
salvage cryo-ablation for failures 
264 
and surgery vs combined androgen 
blockade 309-11 
see also radiation therapy; 
radioisotope treatment 
randomized trials 293, 306-7 
ras gene mutation $5 
rat prostate see rodent prostate 
Rb see retinoblastoma (Rb) gene 
product 
reconstitution models, pre-clinical 93 
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rectal ampulla 6 
rectal examination, digital see digital 
rectal examination (DRE) 
recto-urethralis muscle division in 
radical prostatectomy 234 
rectogenital peritoneal pouch 4 
rectourethralis muscle 6 
rectum 6 
see also digital rectal examination 
(DRE) 
recurrences, prognostic equation of 
131 
recurrent urinary tract infections 
secondary to obstruction 38 
Sa-reductase enzyme 13, 15, 23, 
56 
inhibitors 39-40 
and phytotherapeutic agents 39, 60 
refractory urinary retention 38 
rehabilitation 377, 398 
relatives’ roles 398 
renal failure 154 
renal insufficiency 38 
renal sonogram 36 
resection margin see capsule, margins 
of resection 
resectoscope loop 45 
reserpine 17 
retention, urinary see urinary problems, 
retention 
retinoblastoma (Rb) gene 55, 139-40, 
203 
in gene therapy 331 
retinoids 59-60 
retroperitoneal fasciae 4 
reverse transcriptase-polymerase chain 
reaction (RT-PCR) assay 344 
rhabdoid tumor, malignant 194 
rhabdomyosarcoma, embryonal 194 
ribosomal protein S$ 23 24 
risk factors 53-65 
alcohol 62 
androgens 56-7 
benign prostatic hyperplasia 64 
and biopsy 79 
chromosomal alterations 54-6 
diabetes mellitus 64 
diet 57-61 
and etiology 53-4 
growth factors $7 
lifestyle 62 
obesity/body mass index 62 
populations at risk 77-9 
prostate-specific antigen (PSA) 57 
sexual behavior 64 
smoking 62 
socio-economic status 63-4 
vasectomy 61-2 
viruses 64 
RNA 
mRNA 13, 55 
RWB RNAs 13, 23, 55 
rodent prostate 84-5, 86-7, 91-3 
Royal Marsden NHS Trust 243, 247, 
248 


RT-PCR see reverse transcriptase- 
polymerase chain reaction 
assay 

RTOG see Radiation Therapy and 
Oncology Group (RTOG) 

rubber work risk 64 


sacrospinous ligaments 4 
sample handling of PSA 211 
Santorini’s venous plexus 6 
sarcoma, rare types 194 
sarcomatoid carcinoma 194 
scanning see imaging 
schwannoma, malignant 194 
scintigraphy see radio-isotope skeletal 
scintigraphy 
scintillation camera 186 
screening 
as aid to early diagnosis 65, 72 
benefits 80-1 
cost-effectiveness 80, 81, 453-6, 
459-60 
criteria and application 71-2 
detection rates 80 
digital rectal examination 72-3 
disagreement on recommendations 
78 
effectiveness 80-1, 229-30 
of elderly patients 343-4 
escalation and decline in incidence 
80 
and gene counseling 437 
guidelines in genetic counscling 437 
meta-analysis of clinical trials 444-5 
methods 72-7 
populations at risk 77 
gencral screening practices 78-9 
problems 79-80 
PSA 73-5, 229 
age-specific PSA 75-6 
free PSA 76-7 
PSA density 75 
PSA velocity 76 
serial PSAs 74 
randomized trials 442 
transrectal ultrasound 73 
secretory cells 120 
secretory products 11, 14-15 
sedation as consequence of medication 
387 
SEER see Surveillance, Epidemiology, 
and End Results Program 
segments of prostate 9, 10 (fig.) 
sclenium 60 
Selenium and Vitamin E 
Chemoprevention Trial 
(SELECT) 441 
self-assessment for BPH 36 
seminal emission 15 
seminal vesicle 4, 6 
adenocarcinoma 195 
seminoma 194 
sensitivity of PSA 71, 74, 156 
septicemia 28 


serotonin 137 
Serratia 28 
serum creatinine test 35 
serum estradiol (EU2u) 12 
serum PSA see prostate-specific antigen 
(PSA) 
sevredol tablets 359 
sex hormone-binding globulin (SHBG) 
12-13, 56 
sexual behavior 64 
sexual dysfunction 40 
sexual problems 396, 398-401 
assessment 398 
symptomatology 399 
therapy 400-1 
sexually transmitted diseases 432 
SHBG see sex hormone-binding 
globulin (SHBG) 
shortness of breath see dyspnea 
signaling pathways, inter- and 
intracellular 414-15, 419-20 
signet-ring carcinoma 194 
sildenafil (Viagra) 400 
single-photon emission tomography 
(SPECT) 186 
size of prostate see volume of prostate 
skin cancer and selenium treatment 60 
skin care 
and fistulac 370 
in lymphedema 364 
sloughing, urethral 262 
small-cell carcinoma 194, 319 
smoking 62, 63 (table) 432 
social and economic implications of 
PCA 453 
cost-effectiveness 
accuracy of analyses 460-1 | 
PSA screening 453-6, 459-60 
treatment 459-60 
discounting future years of life 459 
PSA screening 
clinical effectiveness 456-7 
cost-effectiveness 460-1 
quality-of-life adjustment 458-9 
rate of discase progression 457-8 
socio-economic status 54, 63-4 
sodium valproate 368 
somatic pain 381 
sonography 215 
see also ultrasound, Doppler 
sonography 
Sonovue sonographic contrast agent 
215 
Southwestern Oncology Group 
(SWOG) 442, 443 
soy products in diet 60 
SPECT see single-photon emission 
tomography (SPECT) 
spermatozoa 15 
sphincter, urethral 4, 5, 6 
sphincter-sparing surgical technique 6 
spread of carcinoma 4, 195-6 
squamous cell carcinoma 194 
staging and PCA 197-9, 219, 231, 
344-5 
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comparison of systems 198(table) 
level of extension 127 
in radical prostatectomy specimens 
130-1 
Staphylococcus epidermidis 28, 31 
Staphylococcus sapropbyticus 28, 
31 
statistics (American Cancer Society) 
54 
steroidogenesis, resticular 23 
steroids 9 
blood-borne sex 12 
hydrophobic steroid derivatives of 
cholesterol 11 
intracrinology 303 
in nausea and vomiting 361 
non-androgenic 22 
and perineal discomfort 376 
and pscudorheumatism 376 
second-line hormonal therapy 317 
steroid hormones and 
growth-regulatory factors 
414-16 
urinary steroid levels 56 
sterols 39 
Streptococcus faecalis 29 
stress urinary incontinence, female 4 
striated urethral sphincter 4 
stroma 9-11, 10 (fig.) 11, 12 
aromatase activity 12 
stroma/epithelial ratios 40 
stromal aulfatase 12 
stromal cells 13, 414 
stromal hyperplasia 416 
stromal invasion, morphobiology 
124-5 
structure of prostate 9-10 
studies see meta-analysis of clinical 
trials 
subarachnoid block 389 
suffering and pain management 390 
suicide genes 320, 332 
sunlight and Vitamin D 60-1 
superficial dorsal vein 4 
support groups 437-8 
suramin 450 
surgical capsule berween benign and 
malignant-bearing tissues 3 
surgical procedure see radical 
prostatectomy 
surgical therapy 44-5 
see also individual procedures 
surveillance see watchful waiting 
Surveillance, Epidemiology, and End 
Results Program (SEER) 54, 
229, 441 
survival 54, 72, 284-5, 290 
grade of differentiation factor 292 
and psychological problems 398 
susceptibility gene 54 
$V40 large tumor antigen (Tag) 89, 
91 
sympathetic inflow 5 
Symptom Assessment System 379, 
380 
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symptom indices 35-6 

symptom management see pain 

symptomatology of sexual problems 
399 


Tag (large tumor antigen) 91, 92(table) 
tamoxifen 425 
tamsulosin 38, 39 
Targis System (T-3Urologix) 43 
taxane 449-50 
taxoids 318-19 
technetium tracer in nuclear imaging 
186 
telomerases 142, 344 
tenesmus 368 
terazosin 18, 38, 39 
terminal decline see dying patient 
testes 12 
testicular steroidogenesis 23, 24 
testosterone 17, 22, 56 
levels before and after neoadjuvant 
androgen deprivation 250 
(table) 
and PSA levels 212 
testosterone-binding globulin (TeBG) 
see sex hormone-binding 
globulin (SHBG) 
tetracycline 32, 366 
TGF-a see transforming growth 
factor-a (TGF-a) 
TGF-B see transforming growth 
factor-B (TGF-B) 
therapy see treatment 
thermal therapy (TUMT) 43-4 
thrombin 16 
thrombo-embolic disease, cancer- 
related 364-5 
thrombospondin 125 
thromboxane 16 
thymidine labeling 136 
thymidine phosphorylase 125 
thyrotropin-releasing hormone (TRH) 
11 
TIMPs see tissue inhibitors 
tissue inhibitors (TIMPs) 125 
tissue injury mechanisms in cryo- 
ablation 257-8 
tissue transglutaminase 40 
TNF-a see tumor necrosis factor 
TNM system for pathologic staging 
197-8 
tone of muscle see muscle tone 
toxicity (opioid) 382-3 
tracers in nuclear imaging 186-7 
tranexamic acid 369 
transaminase activity 14 
transducer probe in TRUS 160, 
161 
transforming growth factor-a (TGF-a) 
11, 91, 136, 140, 414-16 
see also metallothionine-TGF-a 
transforming growth factor-B (TGF-8) 
11, 16, 90, 136, 140 
transgenics 91-3 
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transition(a!) zone of prostate 
density (PSA TZ) 75, 159 
enlargemenv/hypertrophy 41 
McNeal model 117, 118 
transperincal biopsy 162 
transrectal ultrasound-guided needle 
biopsy 107, 162-8 
acute pain associated with procedure 
375 
complications 164, 213 
in elderly patients 344 
indications 213, 214 
instruments 164 
limited accuracy and value 164-5 
method 164 
preparation of patient 163 
and serum PSA levels 159, 213-15 
variation in techniques 214 
see also ultrasound, transrectal 
(TRUS) 
transurethral electrovaporization of 
prostate 45 
transurethral incision of prostate 
(TUIP) 45 
transurethral microwave thermotherapy 
43-4 
transurethral needle ablation of 
prostate (TUNA) 44 
transurethral prostate biopsy 167-8 
transurcthral resection of prostate 
(TURP) 35, 37-8, 42, 168 
acute pain associated with procedure 
375 
effect on PSA levels 155,212 
post-operative results 44-5 
for urcthral sloughing 262 
see also prostatectomy 
transversalis fascia 4 
treatment 
androgen/estrogen 22 
antibiotics 28 
associated chronic pain 377-8 
choosing ‘best’ form 289-90 
clinical trials 442-3 
cost-effectiveness 459-62 
decision-making 
brachytherapy 295 
conservative 292 
cryosurgical! ablation of prostate 
(CSAP) 295-6 
defining standard 256 
carly hormonal treatment 306-7 
external-beam radiation 294-5 
prognostic factors 290-1 
quality of life mcasurcment 353 
radical prostatectomy 292-4 
device therapies 42-4 
for early-stage disease at diagnosis 
79-80 
evidence of efficacy of early 
treatment 229-30 
hormonal therapies 301, 316-18, 
442 
pre-clinical models 93-4 
hormone-rcfractory disease 448-50 
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hormone-sensitive metastatic discase 
447-8 
localized disease 445-7 
LUTS and BPH 37-42 
Sa-reductase inhibitors 39-40 
alpha-blocking agents 38-9, 40-2 
finasteride 40-2 
phytotherapeutic agents 39 
nomogram for evaluation and 
selection 187 (fig.) 
non-surgical 5 
novel therapies in pre-clinical models 


4 
options for localized PCA 289-90 
PSA as predictor of outcome 230 
and quality of life 397, 397-8 
sexual problems 400-1 
surgery 44-5 
surveillance/watchful waiting 35, 

37-8, 44, 75, 243, 307-8, 
345 
of symptom of pain 382-4 
thermal therapy (TUMT) 43-4 
see also prognostic and predictive 
markers in PCA 
TRH see hypothalamic tripeptide TRH; 
thyrotropin-releasing, hormone 
(TRH) 

tricarboxylic acid cycle 14 

Trichomonas 29, 30 

trigger-point injections 389 

trimethoprim 31, 32 

trinucleotide repeats 56 

triptorelin 24, 280% 

triterpenes 39 

TRUS see ultrasound, transrectal 

(TRUS) 

TSG see tumor-suppressor genes 

TSU-PR1 cell line 87, 88 (table) 

TUIP see transurethral incision of 

prostate (TUIP) 

tumor 
AD primary 87 
angiogenesis 140-1 
classification 130, 197-8 
clinical trials for localized disease 

442 
differentiation and tumor grade 230 
epidural 377 
germ-cell 194 
grade in optimal patient for therapy 
230 
and growth hormone 24 
histologic grades distribution 74 
hormone-refractory 128, 222, 316, 


448-60 
importance of local tumor control 
245 


kinetics 136 

malignant 195 

necrosis factor a (TNF-a) 15 

osteoblastic 90 

progression 136 
importance of milieu 137 
morphobiology 125-8 


proteases as markers 202 
SEER tumor registry system and 
incidence 229 
serum tumor markers 160 
suppressors as markers 139, 203 
transitional zone (TZ) 75 
types 193 (table) 
vascularity 200-1 
volume evaluation 129, 196 
tumor-suppressor genes (TSG) 55, 139, 
141-2, 330-2 
TUMT see thermal therapy (TUMT) 
TUNA see transurethral needle ablation 
of prostate (TUNA) 
TURP see transurethral resection of 
prostate (TURP) 
tyrosine-specific protein kinases 418 
TZ see transitional zone density (PSA 
TZ) 


ultrasound 177-82, 187-8 
appearance of prostate zones 118 
computer analysis 162 
degree of accuracy 178, 180 
Doppler sonography 180-2, 214, 

215, 365 
color 162, 182, 201, 214, 215 
effect on PSA levels 212 
hypoechoic lesion 178, 214 
prostate biopsy 179 
transrectal (TRUS) 44, 74, 75, 78, 
177-9 
advanced 179-80 
guided necdle biopsy 162-8 
method 160-1 
and PSA density 156, 215-16 
see also cryosurgical ablation; high- 
intensity focused ultrasound 
(HIFU); imaging; positron 
emission tomography 
ultraviolet (UV) radiation 60-1 
United States Agency for Health Care 
Policy and Research (AHCPR) 
35, 36, 44 

United States Medicare program 37, 
45 

uPA see urokinase plasminogen 

activator (uPA) 

uPA protease 15 

upper urinary tract damage 38 

upper-tract visualization as routine 36 

Ureaplasma sp. 29 

Ureoplasma urealyticum 30, 31, 32 

ureteral obstruction, distal 154 

urethra 4 
dissection and division in radical 

prostatectomy 234 
female 3 

urethral contractions see contractile 

activity 

urethral suspension procedure 4 

urethral-sparing surgical technique 6 

urethrococle 4 

urinanalysis and LUTS 35 


urinary diversion 370-1 
urinary problems 
frequency 153 
incontinence 
palliative care 370 
post-operative 6, 7, 262 
obstructive nephropathy 370-1 
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